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DUPLICATE 



P706487GB 



Anti-Helicobacter Activity of Celery Seed Components 



The invention relates to the use of biologically active celery seed extracts to mhibit the 
growth and replication of the bacterixim, Helicobacter pylori 

Artliritis and rheumatism are important world-wide problems. Around 1% of the UK 
population are affected at some stage in life. Complaints of this nature not only cause 
significant disability but may also have a severely detrimental effect on the 
psychological state of the sufferers. Conventionally these complaints are treated v^th 
analgesic/antipyretic drugs and non-steroidal anti-inflammatory drugs (NSAIDs). 
However NSAIDs can have serious side effects, such as gastrotoxicity, causing for 
example gastric ulceration, and hence research has been made into alternative sources 
of anti-inflammatory dmgs. hi particular compounds extracted from higher plants have 
been considered. Lewis et al (1985) and Whitehouse et al (1999) foxmd that the 
extracts of celery (Apium graveolens) (CSE) had significant anti-mflammatory activty 
in animal models with reduced adverse effects. A further risk factor in the pathogenesis 
of peptic ulcer disease is Kpylori infection. Chan (1997) foimd that eradication of 
H.pylori before NSAID therapy reduced the risk of ulcer development by about 
fourfold. PCTAJS99/25873 discloses the use of celery seed extract for the prevention 
and treatment of pain, inflanmiation and gastrointestinal irritation. 

The inventors have surprisingly foxmd that components of celery seed extract may be 
used to control the growth of Helicobacter pylori. 

The invention provides the use of celery seed or celery seed extract (CSE) for the 
inhibition of growth and replication of Helicobacter pylori. 



A preferred CSE is produced by supercritical fluid extraction of the starting product. 
By CSE we mean a natural product derived from celery seed, or a pharmaceutical 
equivalent thereof This is preferably an ethanol/water extract, especially 50% to 90%, 



60% to 85%, most preferably an 80% Vol:Vol ethanol/water extract. The term mcludes 
the isolated compounds obtainable from CSE. 

Preferably the active component of the celery seed extract is selected from the group: 
5 3-n-but>'l 4,5-dihydrolphthalide, 3-n-butyl phthalide, a-Eudesmol, ;ff-Eudesmol dioctyl 
phthalate and cis, cis-9,12-Octadecadienoic acid. 

The invention further provides a pharmaceutical composition for the inhibition of 
growth and replication of Helicobacter pylori, comprising celery seed extract. 

Also provided is the use of celery seed extract in the preparation of a pharmaceutical 
1 0 composition for the treatment of Helicobacter pylori infection. 

Preferably tlie H.pylori infection is in a mammal, such as a human. Preferably the 
infection is within the digestive tract, especially the stomach of the mammal. 

The pharmaceutical composition may be administered orally, e.g. in the form of an oral 
suspension, solution or tablet. Dosages may be 300-2000 mg. daily in divided doses 
1 5 preferably or even higher. 

The pharmaceutical composition may comprise one or more pharmaceutically 
acceptable carriers, bulking agents or excipients known in the art (e.g. in the form of a 
tablet or injectable solution). 

A further aspect of the invention provides celery seed or celery seed extract for use in 
20 the manufacture of a medicament to treat a Helicobacter pylori infection. 

The invention will now be described in detail with reference to the figures in which: 

Table 1 shows the effect of the crude extract of CSE on the growth of different strains 
(3330, 3336 and 3339) of H.pylori. 

Table 2 shows the distribution of antimicrobial activity against H pylori (strain 3339) 
25 in the crude extract and different fractions of CSE. 




Table 3 shows antimicrobial activity of the subfractions from pet, ether fraction against 
K pylori (strain 3339). 

Table 4 shows antimicrobial activities of compounds from subfractions 6 and 10 
against K pylori (strain 3339). 

5 Fig.l shows the effect of CSE crude extract on the growth of the strains (3330, 3336, 
3339) of Kpylori 

Fig.2 shows the bioassay-guided fractionation scheme of celery seed extract 
(antimicrobial agents enclosed in boxes). 

Fig.3 shows the antimicrobial activity of pet. ether fraction and subfractions 6 and 10 
1 0 against Kpylori (strain 3339). 

Fig.4 shows the analytical separation of mixture from subfraction 10. Colunm: 
Nucleosil® CI 8, 250 x 4.6 mm. I.D.; Mobile phase: ACN/water (60:40); Flow rate: 1.0 
mVmin; Detection: UV @ 236 nm; Injection volume: 10 /zg in 1 ml of 40% ACN in 
water ; Temperature: Ambient; ATT:3. 

15 Fig.5 shows the antimicrobial activities of compounds against Kpylori (strain 3339) 

Fig.6 shows the EI-MS spectrum of compound 6-1 

Fig.7 shows the *H NMR spectrum of compound 6-1 

Fig.8 shows the '^C NMR spectrum of compound 6-1 

Fig.9 shows the EI-MS spectrum of compiund 6-1 
20 Fig. 1 0 shows the EI-MS spectrum of compoimd 6-3 

Fig.l 1 shows the EI-MS spectrum of compound 6-4 

Fig. 12 shows theEI-MS spectrum of compound 10-1 



Antimicrobial test 

Bacterial strains 

Three strains of Kpylori (3330, 3336 and 3339) isolated from British patients with 
gastric ulcer (duodenal ulcer or gastritis) were studied. The identities of K pylori were 
) confirmed by Gram stain and urease reaction. The bacteria were stored at -80°C in 
aliquots of 1ml of brocella broth containing 15% (v/v) glycerol (Kitsos and Stadtlander, 
1998). 

Celery seed extract (CSE) 

Test CSE was provided as dark green highly viscous liquid (supplied by Beagle 
0 International Pty. Ltd. Nerang, Qld., Australia). Initially CSE was dissolved in 
dimethylsulfoxide (DMSO) as stock solution ClOOmg/mL final DMSO concentration in 
cultures ^1%). 

Media 

For the Brucella broth (BB), (BBL, USA), Brucella (28g) was added to EL of distilled 
5 water. After the medium was autoclaved at 120°C for 15 mins, fetal bovine serum (50 
ml) was added (Morgan et aL 1987). 

Inocula 

Thawed isolates were inoculated onto chocolate agar plates (Merieux) and incubated 
under microaerophillic conditions (85%N2, 10%CO2, 5%02) for 48 h at 37°C. Colonies 
20 were suspended in 5ml of Brucella broth and adjusted to a turbidity equivalent to a 
No.2 McFarland standard (approximately 6x10* CFU/ml) for broth dilution method. 
The final inoculum was 10' CFU/ml for agar dilution method by a further 50-fold 
dilution. 

Broth dilution test 

25 The CSE suspension (Img/ml) was serially two-fold diluted in BB. The concentrations 
(1000. 500, 250, 125, and 62.5 (ig/ml) were obtained. The solutions were added to the 
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column wells of 24- well plate each in equal volume (1 ml/well). 20nl of cell suspension 
was inoculated into each row wells of 24-well plates (except last row wells). The 
culture dishes were gently agitated folUowing the addition of the inoculum and then 
placed at 37°C imder microaerophilic conditions for three days. At the end of 

5 incubation, 1ml of bacterial culture solution from each well were diluted to one in a 
million dilution (10*^). Then 20 |jil aliquots from each solution were transferred to 
Columbia agars and incubated for an additional three days. Generally, only spots with 
between 7-11 colonies were counted. Growth weis deteraiined on the basis of 
calculating the number of bacteria per millilitre (numbers of bacteria/ml = numbers of 

10 colonies on plate x recip rocal of d ilut ion of sample). Bacteria growth , culture medium 
and extract controls were run in parallel. (Osato et al^ 1999). 

Chromatographic Methods 

Column chromatography was performed on silica gel 60 (40-60 (im, Merck). 
Analytical thin layer chromatography (TLC) was carried out on precoated silica gel 60 
15 F254 plates (layer thickness 0.2 nmi, Merck), developed with the following solvent, 
hexane-EtOAc (70:30), chloroform-methanol (98: 2). For isolation monitoring, spots 
were located by their absorption under ultraviolet (UV) light (254 and 366 nm) directly. 
After that the plates were sprayed with anisaldehyde reagent and heated at 110°C for 5 
min (Dey and Harbome, 1991). 

20 HPLC (1090 LC, Hewlett Packard, UK) analytical and semi-preparative 
purification 

Analvtical conditions : 

Analytical column: Nucelosil® CI 8, particle size 5|im, 250 x 4.6 mm LD., catalogue 
No.89141 (Alltech, Camforth, Lancashire, UK) 

25 Mobile phase: acetonitrile/water (60:40) 

Flow rate: 1.0 ml/min 

Injection voliime: \Q\i\ 

Detection: UV @ 236 nm 



Sample: mixture of compounds 10-2, 10-3 and 10-4 (Cone .= 500 ng/ml) 
Temperature: ambient 
ATT: 3 

Semi-prep? ^ativp. conditions: 

5 Semi-preparative column: Luna C18(2), particle ff5^m 250 x 10.00 mm I.D., 
catalogue No.OOG-4252-NO (Phenomenex, Macclesfield, Cheshire, UK.) 

Mobile phase: acetonitrile/water (60:40) 
Flow rate: 5.0 ml/min 
Injection volume: 100^1 
1 0 Detection: UV @ 236 nm 

Sample: mixture of compounds 10-2, 10-3 and 10-4 (Cone. = 5mg/ml) 

Temperature: ambient 
ATT: 6 



15 Spectroscopic Methods 
Mass spectrometry (MS) 

The Mass spectra were recorded on a VG 70/70 Sector Mass Spectrometer instrument 
(Mieromass, Manchester, UK) in the Laboratory of Biomedical resean^h centre 
(Sheffield Hallam University). 

20 Nuclear magnetic resonance (NMR) 

NMR spectra were recorded in CDCI3 at RT on a Bruker Unity Ac 250 MHz ('H 
25OMH2; "C, 62.9 Mhz). 



25 



Results and Discussion 



The 80% ethanol extract exhibited appreciable antimicrobial activity at the minimum 
inhibitory concentrations (MIC) of 250, 125 and 125jig/ml. respectively, against H. 




pylori strains 3330, 3336 and 3339. The results of antimicrobial activity of CSE are 
given in Table 1 and Fig.l. The bioassay-guided jfractionation scheme of CSE is 
illustrated in Fig.2. The fractionation for the isolation of the active compounds was 
performed from the 80% ethanol extract of CSE, The susceptibility of if. pylori strain 

5 3339 was higher than 3330 and 3336. Later, in antimicrobial activity testing of 
fractions and subfractions of CSE, only H. pylori 3339 strain was chosen for 
fractionation guide. The residue of 80% ethanol extract of CSE was subsequently 
successively partitioned with organic solvents and water. The activity emerged 
predominantly in the petroluem ether layer (MIC = 15.625 jxg/ml) as compared to the 

10 other solvents, diethyl ether (MIC=125/zg/ml), ethyl acetate (MIC > 500 |ig/ml) and 
water (MIC > 500 Mg/ml) (Table 2). 

The petroleum ether fraction was directly subjected to column chromatography on silica 
gel with hexane, hexane-EtOAc (99:1), hexane-EtOAc (95:5), hexane-EtOAc (70:30) 
and EtOAc as eluent. Fractions with the same retardation factors were combined to 

15 yield 1 1 major fractions. Each subfraction was tested for antibacterial activity against 
K pylori. The results of the antimicrobial testing of the different subfractions are 
shown in Table 3. The most pronoxmced antimicrobial activity successively resided in 
the subfraction 6 eluted with hexane-EtOAc (95:5) (MIC == 15.625 |ig/ml) and the 
subfraction 10 eluted with hexane-EtOAc (70:30) (MIC = 15.625 fig/ml (Fig.3). 

20 Subfraction 6 was ftirther purified by silica gel column chromatography (hexane-ether, 
10:1, as solvent) and preparative TLC using chloroform/pet. ether (3:1) to yield 
compounds 6-1, 6-2, 6-3 and 6-4. Subfraction 10 was ftirther pxirified with 
hexane-ether (7:3) as mobile phase to afford a pure compound 10-1 and a mixture. 
Tlie mixture was dissolved in 40% ACN in water and passed through the DPA-6S SPE 

25 colunm (Supelco, UK) to remove the chlorophyll. The elxiate with methanol was 
evaporated to dryness and reconstituted in 40% ACN in water for HPLC analysis. It 
was separated into three compounds 10-2, 10-3 and 10-4 by analytical HPLC using 
ACN/water (60:40) as mobile phase (Fig.4). Large quantity of individual pure 
compounds will be obtained by semi-preparative HPLC and sent for MS and NMR 

30 spectroscopic analysis. 
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Compounds 6-1. 6-2. 6-3. 10-1 and the combination of 6-1 and 6-3 were evaluated for 
antimicrobial activity. The results indicated they were partly responsible for the 
antimicrobial activity of CSE (Table 4 and Fig.5). The mixture of 6-1 and 6-3 by 
different combination did not exert a syngergistic effect in antimicrobial activity. The 

5 mixture of compounds 10-2, 10-3 and 10-4 showed an interesting antimicrobial activity 
against H. pylori. Very recently, Momin and Nair (2001) isolated and characterized 
three bioactive compounds, sedanolide, senkyunolide-N and senkyunolide-J from CSE 
with the significant mosquitocidal, nematicidal and antifungal activities. Further study 
will confirm with MS and NMR data if compounds 10-2, 10-3 and 10-4 are 

10 corresponding to sedanolide, senkyunolide-N and sekyunolide-J. The antimicrobial 
activity of individual compound will be tested as well. 

The exact structures are confirmed by comparison of their physical and spectral data 
([a], IH and 13NMR) with data in the literature. Structural elucidation of the 
compounds isolated from active fractions 6 and 10 are given below: 

15 Compound 6-1 was obtained as pale yellow oil with a distinct celery odour. The 
electron impact mass spectrometry (EI-MS) spectrum (Fig.6) of the compounds showed 
the molecular ion peak at mass/charge ratio (m/z) 192 (composition, 22.9%), 
corresponding to the molecular formula CpH,<s03. Other major peaks were at m/z 
(composition, %) 163 (3.6). 135 (5.3). 108 (21.7), 107 (lOOo/o), 85 (9.7). 79 (24.3), 77 

20 (24.2) and 57 (14.4). 

The 'H NMR spectrum (Fig.7) displayed a doublet at 6.12 ppm (IH, J=10 Hz) and a 
multiplet at 5.9 ppm for the vinyl protons, H-7 ands H-6, respectively, as well as 
multiplet at 4.9 ppm for H-3. In "C NMR spectrum (Fig.8), the signals at 128.4, 1 16.8 
and 124.5 ppm were consistent with disubstituted and tetrasubstituted double bands 
25 composed of C-6, C-7 and C-la, C-3a, respectively. In addition, tetra substituted 
signals appeared for the side chain (C-l', C-2', C-3', C-4') in the range of 13.8-22.4 
ppm. The signals due to C-l, C-4 and C-5 appeared at 161, 31.9 and 26.7 ppm. 

On the basis of EI-MS and 'H- and '^C- NMR, compound 6-1 was identified as 
3-n-butyl 4,5-dihydrolphthalide (sedanenolide) (Bjeldanes and Kim, 1977). 




Experimental data 

10 Compound 6-1 EI-MS: m/z 192.3 (calculated for CaHieOj). 'H NMR (CDCI3): d 0.9 
(t, 3H. J= 7.2, H-4'), 1.2-1.8 [m, 6H, Hl(l',2',3')], 2.45 (m, H-4,5), 4.9 (m, IH, H-3), 
5.9 (m. IH, H-6), 6.2 (d, IH, J=10, H-7); NMR (CDCI3): 5 13.8-22.4 (C-1', 2\ V, 
4'), 26.7-31.8 (C-4.5), 82.5 (C-3), 116.8 (C-7), 128.3 (C-6), 124.5-135 (C-8. 9). 161.4 
(C-1). 

15 Compound 6-2 was obtained as pale yellow oil with a distinct celery colour. The 
EI-MS spectrum (Fig.9) of 6-2 showed the molecular ion peak as mass/charge ratio 
(m/z) 1 90, corresponding to the molecular formula C12H14O2. Other major peaks were 
at m/z 163, 148, 144, 133 (100%), 115, 105, 91 and 77. 



On the basis of EI-MS and 'H- and '^C- NMR, compound 6-2 was identified 
20 3-n-butyl phthalide (Zheng et al, 1 993). 




F.v perimental data 

EI-MS: m/z 190.2 (calculated for CaHuO^). 'H NMR (CDCI3): S 0.85 (t, 3H J=7.1, 
10 H-4'), 1.2-2.10 K 6H. H-(r 2% 3')], 5.42 (dd, IH, J=7.8 and 4.1 Hz. H-3), 7.39 (d, 
IH, J=7.5, H-4), 7.46 (t, IH, J=7.5. H-6), 7.62 (t. IH, J=7.5 HZ, H-5), 7.83 (d, IH, 
J=7.5 Hz. H-7); »C NMR (CDCL3): ^14.08 (C-4'), 22.65 (€-3'), 27.01 (C-1'), 34.62 
(C-2'), 81.75 (C-3), 121.68 (C-4). 125.57 (C-6). 125.96 (C-9). 128.94 (0-7), 134.20 
(C-5), 150.02 (C-8), 171,04 (C-1). 

15 (Large quantity of 6-2 will be obtained by purification using PTLC or semi-preparative 
HPLC, then 'H NMR and "C NMR will be acquired again to get clear spectra). 

For compound 6-3, the EI-MS spectrum (Fig.lO) showed the molecular ion peak at 
mass/charge ratio (m/z) 222, corresponding to the molecular formula C,5H260. Other 
major peaks were at m/z 204. 189, 162, 149, 135, 109, 108, 95. 81, 59 and 41. On the 
20 basis of EI-MS. the compound 6-3 was identified as mixture of a and ^-Eudesmol 
(El-Sayedero/. 1989). 

'H NMR and "C NMR spectra will confirm the structure of 6-3. But there is not 
enough sample by now for measuring 'H NMR and NMR (around 10-20 mg needed). 
The possible structure of compotmd 6-3 is as below: 




Compound 6-4 was obtained as colourless oil- The EI-MS spectrum of 6-4 (Fig. 11) 
showed the major peaks at m/z 279, 167, 149, 83, 71, 57 and 43. On the basis of 
10 EI-MS. the Compound 6-4 was identified as dioctyl phthalate, corresponding to the 
molecular formula C24H38O4 (MW = 390.54 ) (MS library). 

'H NMR and *^C NMR spectra will confirm the structure of 6-4. But there is not 
enough sample by now for measuring NMR and ^^C NME (around 10-20 mg 
needed). The possible structure of compound 6-4 is as below: 



20 
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Compound 10-1 was obtained as a colourless oil. The EI-MS spectrum (Fig. 12) of 10-1 



showed the molecular ion peak at mass/charge ration (m/z) 280, corresponding to the 
molecular formula C18H32O2. Other major peaks were at m/z 137, 123, 109, 95, 81, 67, 
55, 54 and 41. On the basis of EI-MS, the compoimd 10-1 was identified as linoleic 
5 acid (cis, cis - 9,12- Octadecadienoic acid) (MS library). 

NMR and NMR spectra will confirm the structure of 10-1. But there is not 
enough sample for measuring *H NMR and NMR (around 10-20 mg). 

The possible structure of compound 10-1 is as below: 



Overall the CSE has shown interesting antimicrobial activity against K pylori. Five 
compoimds have been purified which are partly responsible for the antimicrobial 
15 properties. The structure elucidation of compounds is still undergoing. Further work 
will continue to purify the active constituents in subfr action 10 and other subfiractions 
and to test the anti-cytokine activity and cartilage protection properties. If the 
compounds from subfractions 6 and 10 are not responsible for tiie anti-inflammatory 
activity, the constituents maybe reside in other fractions and subfiractions. 



O. 
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Conclusion 
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Table 1. Effect of the crude extract of CSE on the growth of different strains (3330, 3336 and 
3339) on H. pylori. 



Strains 


MIC (//R/ml) 


MBC O/g/ml) 


3330 


250 


500 


3336 


125 


500 


3339 


125 


500 



Table 2 Distribution of antimicrobial activty against H. pylori (strain 3339) in the crude 
extract and different fractions of CSE. 



Fractions 


MIC (^g/ml) 


MBC 0<g/mO 


Crude extract 


125 


500 


Pet. ether 


15.625 


31.25 


Diethyl ether 


125 


500 


Ethylacetate 


>500 


>500 


Water 


>500 


>500 



Table 3 Antimicrobial activity of the subfractions from pet. ether fraction against Kpylori 
(strain 3339). 



Fractions and subfractions 


MIC 0/g/ml) 


' Pet. ether 


15.625 


Sub-1 


>125 


Sub-2 


>125 


Sub-3 


125 


Sub-4 


62.5 


Sub-5 


62.5 


Sub-6 


15.625 


Sub-7 


31.25 


Sub-8 


31.25 


Sub-9 


62.5 


Sub-10 


15.625 


Sub-1 1 


31.25 



Table 4 Antimicrobial activities of compounds from subfractions 6 and 10 agdnst KPylori 
(strain 3339). 



Compounds 


MIC ( s/ml) 


MBC ( g/ml) 


sedanenolide 


31.25 


62.5 


3-n Butyl phthalide 


15.625 


N.T. 


Eudesmol' 


15.625 


125 


Eudesmol + sedanenolide 
(major) (minor) 


15.625 


N.T. 


Eudesmol + sedanenolide 
(minor) (major) 


31.25 


N.T. 


Linoleic acid 


62.5 


>125 


10-2, 10-3 and 10-4 


12.5 


25 



N.T. : not tested 
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Fig.l Effect of CSE crude extract on the growth of the strains (3330, 3336, 

3339) of Kpylori 
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Fig.3 Antimicrobial activity of pet.ether fraction and subfractions 6 and 10 against 

Kpylori (strain 3339) 




Concentration of compouiKls<4(tg/ml) 



» sedanenolide 


— ■— 3-n Butyl phthalide 


Beta-Eudesmol 


— »^ Linoleic acid 



Fig.5 Antimicrobial activities of compounds against K pylori (strain 3339) 
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Fig.6 EI-MS spectrum of compound 6-1 
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Fig.9 EI-MS spectrum of compound 6-2 
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Fig.lO EI-MS spectrum of compound 6-3 
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Fig.l2 EI-MS spectrum of compound 10-1 
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DIAGNOSTIC KIT 

The present invention relates to antigens derived firam the RDl or RD2 regions of the 
Kfycobacterivm tuberculosis, Kfycobacterium bovis or Mycobacterium africanum 
genomes. Such antigens may be used as diagnostic reagents. 

In particular, the present invention relates to diagnostic kits comprising such antigens 
for differentiating between those mammals infected by tuberculosis, those which have 
been vaccinated against tuberculosis, and those mammals, which have been sensitised 
by environmental Mycobacteria, 

The present invention further relates to novel Mycobacteritm tuberctdosis, 
Mycobacterium bovis and Mycobacterium africanum peptides derived from such 
antigens. 

The present invention also relates to vaccines against Mycobacterium infections, in 
particular, Mycobacterium tuberculosis, Mycobacterium bovis or Mycobacterium 
arcanum infections, as well as to veterinary and pharmaceutical compositions 
containing these and their preparations. 

Bovine tuberculosis (BTB) is caused by Mycobacterium bovis and shares greater than 
99.9% DNA identity with M tuberculosis, the main cause of human tuberculosis. 
Moreover, BTB is a zoonotic disease and was responsible during the 1930s and 1940s 
for approximately 6% of the total human deaths due to TB, and more than 50% of all 
cervical lymphadentitis cases in children [Hardie, 1992 #54], The introduction of 
pasteurisation of milk in the 1930s dramatically reduced the transmission fix)m cattle 
to man [Hardie, 1992 #54]. However, it still remains a small but significant cause of 
human morbidity and mortality especially in developing countries. [Cosivi, 1995 #23] 
and is seen as one of the most important infectious diseases of both man and other 
animals in the world. 

Mycobacterium bovis causes disease in both catde and man. In the absence of a BTB 
control programme, TB in cattle can have severe implications for animal welfare, 
causing reduced productivity and premature death, resulting in substantial economic 



losses to affected fanns. A compulsoiy eradication programme based upon the 
slaughter of infected animals, detected by the single intradermal comparative 
tuberculin skin test, began in Great Britain (GB) in 1950 and by 1960 it had been 
implemented in all of Britain. These measures resulted in the dramatic reduction of 
bovine tuberculosis in GB from incidence rates of around 40% of cattle infected vdlh 
M bovis to 0.41% in 1996 [Krebs, 1997 #67]. However, despite continued 
implementation of these control measures, the incidence of BTB in cattle has been 
steadily riang since 1988, possibly due to a wildlife reservoir of M bovis [Kiebs. 
1997 #67]. 

BCG is an attenuated strain of M bovis, and is currently the only available vaccine for 
the prevention of BTB. Encouraging results with BCG have been reported in New 
Zealand where a significant level of protection in BCG vaccinated cattle against 
experimental M. bovis infection has been recently demonstrated [Buddie, 1995 #16; 
Buddie, 1995 #17]. 

Immunity to M tuberculosis is characterised by three basic features: 1) Uvmg badUi 
vdiich efficiently induce a protective immune response; 2) specifically sensitised T 
lymphocytes which mediate this protection, and 3) interferon gamma (SFN-y) which is 
an important mediator molecule. 

Cattle with a mycobacterial infection will predominanfly mount a ceUular immune 
response [Bnddle, 1995 #17]. Therefore, the skin test using tuberculin PPD has 
become an integral part of the bovine tuberculosis eradication programme. In 
addition to skin tests, blood-based diagnostic assays fliat measure antigen-induced 
lymphokine production such as &e IFN-y are also under consideration [Wood, 1994 
#136]. Tte cytokine IFN-T appears to be critical in the development of immunity to 
M tuberculosis. For example, both mice with a disruptive IFN-y gene and humans 
with mutated IFN-^ receptor are highly susceptible to mycobacterial infections 
[Flynn, 1993 #188; Cooper, 1993 #186; Jouanguy, 1996 #62]. However, specificity 
constraints are associated with the use of PPD in such assays. These arise due to the 
cmde mixture of M bovis proteins that it contains, many that are cross-reactive with 
other enviromnental mycobacterial species, e.g., M avium or M intracellulare and 



importantly the vaccine strain M bovis Bacille Calmette-Guerin (BCG) [Buddie, 1995 
#16; Berggren, 1981 #9; Hubrig, 1958 #59]. 

A cattle vaccine would reduce the risk of cattle infection and hence result in lower 
tubercxilin test frequencies and significant cost savings. It is believed that the 
development of an improved cattle vaccine holds the best long-temi prospect for BTB 
control in British herds [Krebs, 1997 #67]. In addition, it would be desirable to 
develop a complimentary diagnostic test to differentiate between vaccinated animals 
and those infected with M- bovis (differential diagnosis) in parallel with the vaccine 
to ensure continuation of the test and slaughter-based control strategies [Krebs, 1997 
#67]. 

As previous studies have demonstrated, diagnostic reagents which distinguish 
betwem vaccinated and infected cattle can be developed using specific, defined 
antigens that are present in virulent M bovis but absent from the vaccine strain 
[Buddie, 1999 #18; Vorderaieier, 2000 #126; Vordemieier, 2001 #169]. Genetic 
analysis of BCG has revealed that several large genomic regions have been deleted 
during attenuation and subsequent prolonged propagation in culture [Behr, 1999 #8; 
Gordon, 1999 #43]. These regions have been characterised and antigens from one of 
these regions, RDl [Mahairas, 1996 #83], have been studied extensively in several 
species including humans and catde [Lalvani, 2001 #174; Pollock, 1997 #102]. For 
example, it has been recendy demonstrated that protein or peptide cocktails composed 
of two RDl region antigens, ESAT-6 and CFP-10, can be used to distinguish between 
BCG vaccmated and M. bovis infected cattie [van pinxteren, 2000 #119; 
Vordenneier, 2001 #169]. However, the level of sensitivity achieved witii these 
antigens has not reached that of tuberculin. It would, therefore, be desirable to 
provide otiier antigens in order to achieve this desired sensitivity. Such antigens may 
also be useful in supplementing the ESAT-6 and CFP-10 to achieve even greater 
sensitivity. 

In altemative approach to using recombinant proteins is the application of overlapping 
synthetic peptides derived from those antigens described above. Synthetic peptides 
have the advantages of lower production costs, easier standardisation, improved 
quality control and carry no risk of infection since they are chemically synthesised. 



Such syntihietic peptide epitopes have been found to have great potential in the study 
of immune responses in catde and in the development of diagnostic reagents. For 
example, formulation of 10 synthetic peptides derived from ESAT-6 and CFP-10 
resulted in similar cellular unmune responses to those seen with the whole 
recombinant antigens. When assayed in cattle this cocktail could distinguish between 
M. bovis infected animals and BCG vaccinated catde with sensitivity similar to PPD 
and with a greater specificity [Vordenneier, 2001 #169]. 

Differential diagnosis is not the only concern associated with BCG. BCG vaccination 
studies have highU^ted flie variabiUty with regard to its efficacy. In humans, this 
ranges from 0 to 80% when tested in different populations, with consistently poor 
results observed in the equatorial regions [Fine, 1989 #37]. Similar variations in 
efficacy have also been reported m BCG vaccination experiments and trials in cattle 
(e,g. [Buddie, 2002 #184; Berggren, 1981 #9; Buddie, 1995 #16; Buddie, 1995 #17; 
Hubrig, 1958 #59]). It would therefore be desirable to improve or supplement BCG 
vaccination. Strategies to generate novel tuberculosis vaccines include sub-unit 
vaccination with either DNA vaccines or protein subunits (Rev. [Andersen, 2001 
#173]). Antigens such as MPT-64 and ESAT-6 (Rev. [Anderson, 2001 #173]), whose 
genes were deleted in BCG, have been tested as DNA vaccines and imparted 
protective immunity in small animal models. 

The present invention seeks to provide an improved diagnostic test to differentiate 
between vaccinated mammals and those infected with tuberculosis. Preferably, the 
test of the present invention differentiates between animals vaccmated against 
Kfycobacterium bovis, Afycobacterium tuberculosis or Mycobacterium qfricanum and 
those mfected wifli Mycobacterium bovis, Mycobacterium tuberculosis or 
Mycobacterium qfricaman. 

The present invention also seeks to provide an improved vaccine for control of 
tuberculosis and in particular to control tuberculosis in cattle. The tuberculosis 
disease also affects a number of other different animal species such as gumea pigs, 
badgers, possums and deer. The vaccines of the present invention may therefore be 
useful m the control of tuberculosis infections in such different animals. 
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According to a first aspect of the present invention fliere is provided a diagnostic 
agent comprising a polypeptide derived from the RDl or RD2 regions of the 
Mycobacterium tuberculosis, Mycobacterium bovis or Mycobacterium africarmm 
genomes, or a variant, homologue or fragment of these, with the proviso that the 
polypeptide is not a ESAT-6, CFP-10, MPT-64 or a polypeptide encoded by the 
Rvl984c, Rv3871, Rv3872 or Rv3873 regions of the Mycobacterium tuberculosis, 
Mycobacteritm bovis or Mycobacterium qfricanum genomes. 

The term "polypeptide'' as used herein includes long chain peptides including proteins 
and epitopic fragments thereof. Such polypeptides generally comprise one or more 
chains of amino acids joined covalently through peptide bonds and are typically 
greatCT than 10,000 MW. Also included are oligopeptides comprising three or more 
amino acid residues covalently linked through peptide bonds. 

The polypeptide is pjreferably derived from the Mycobacterium tuberculosis genome 
and a member of the PE/PPE protein family. 

The term "derived from" as iised herein means any polypeptide or peptide encoded by 
an open reading fi^e from the RDl or RD2 regions of the Afycobacterium 
tuberculosis, Afycobacterium bovis or Kfycobacterium qfricanum genomes. Also 
included are fragments of the open reading firanes and variants thereof as long as such 
fragments are still enable of being used as di^nostic reagents. 

The polypeptide preferably comprises the sequence shown in SEQ ID Nos 1, 3,4 and 
6, or a fragment, homologue or variant th^eof. 

The term "fragment thereof as used herein in relation to an amino acid sequence 
refers to any portion of the given amino acid sequence which has the same activity as 
the complete amino acid sequence. Fragments will suitably comprise at least 10 and 
preferably at least 20 consecutive amino acids from the basic sequence. Preferably, 
the sequence comprises 17 amino acids. Fragments of the polypeptide include 
deletion mutants and polypeptides where small regions of the polypeptides are joined 
together. The fragments preferably contain at least one antigenic region. 



The term "variant thereor as used herein in relation to an ammo acid sequence means 
sequences of amino acids which diflEer from the base sequence from which they are 
derived in that one or more amino acids within the sequence are substituted for other 
amino acids. Amino acid substitutions may be regarded as "conservative" vdiere an 
amino acid is replaced with a different amino acid with broadly similar properties. 
Non-conservative substitutions are where ammo acids are replaced with amino acids 
ofadifferraattype. 

By "conservative substitution" is meant the substitution of an ammo acid by anotiier 
- one'Sflhe same class; the classes bemg as follows: - 

CLASS FXAMPLES OF AMINO ACID 

Nonpolar: Ala, Val, Leu, De. Pro, Met, Phe, Trp 

Uncharged polar: Gly, Ser, Thr, Cys, Tyr, Asn, Gin 

Acidic: Asp, Glu 

Basic: Lys, Arg, His 

As is weU known to those sldUed m the art. altering tiie primary structure of a peptide 
by a conservative substitution may not significantiy alter the activity of that peptide 
because the side-chain of the amino acid which is inserted into the sequence may be 
able to form similar bonds and contacts as the side chain of tiie amino acid which has 
been substituted out This is so even when the substitution is in a region, which is 
critical in determining the peptides conformation. 

Non-conservative substitiitions are possible provided tiiat these do not interrupt wifli 
the antigenicity of the polypeptide. 

Broadly speakmg, fewer non-conservative substitutions will be possible witiiout 
altering tiie biological activity of the polypeptide. Suitably, variants will be at least 
50% identical, 60% identical, preferably at least 75% identical, and more preferably at 
least 90% identical to tiie base sequence. 



Homology in this instance can be judged for example using the algorithm of Lipman- 
Pearson, wiih Ktuple:2, g^ penalty:4. Gap Length Penalty:12, standard PAM scoring 
matrix (Lipman, DJ. and Pearson, W,R., Rapid and Sensitive Protein Similarity 
Searches, Science, 1985, vol. 227, 1435-1441). 

Where a difiFerential diagnostic test is to be carried out, the diagnostic reagent 
preferably comprises the sequence shown in SEQ ID Nos 1 or 3, or a fragment, 
homologue or variant thereof. These polypeptides are used to differentiate between 
tuberculosis-infected and tuberculosis vaccinated mammals. 

The diagnostic reagent used in the differential diagnostic test preferably differentiates 
between h/fycobacteritan bovis, Mycobacterium tuberculosis or Mycobacterium 
qfricanum -infected mammals and mammals vaccinated against Mycobacterium 
bovis, Mycobacterium tuberculosis ot Mycobacterium qfricanum. 

Alternatively, the diagnostic reagent according to the present invention comprises 
SEQ ID Nos 3 or 6, or a fragment, homologue or variant thereof. In this instance, the 
polypeptides are used as diagnostic reagents, which differentiate between mammals, 
which are either vaccinated against or infected by tuberculosis and mammals, 
sensitised by environmental mycobacteria. 

The diagnostic reagent used in a specific diagnostic test preferably differentiates 
between Afycobacterium bovis -infected and maxmnals sensitised by environmental 
mycobacteria. 

According to a second aspect of the present invention there is provided a peptide 
derived from an RDl or RD2 region of the Mycobacterium tuberculosis, 
Mycobacterium bovis or Mycobacterium qfricanum genomes, or a variant, homologue 
or fragment of these, with the proviso that the peptide is not derived from a ES AT-6 
or CFP-10 polypeptide. 

Such peptides are also capable of being used as diagnostic reagents and are preferably 
synthetic peptides having the advantages discxissed above. One such peptide is a 



peptide derived from SEQ ID NO,5. which is shown in Figure 6 as SEQ ID NO 7. 
Fragments, homologues and variants of this peptide are also mcluded herem. 

The term "peptide" as used herein includes small protems (generally less than about 
- 10,000 MW). The peptides of the present mvention generally comprise two or more 
amino acid residues linked together covalently through peptide bonds. 

Such peptides may be used as diagnostic reagents, either on tixeir own or preferably 
with one or more other peptides according to the present invention in order to achieve 
greater sensitivity and specificity of a diagnostic test For example, protein or peptide 
- T^cktails conq)osed-of antigens from tiie RDl or RD2 regions of the -Jt^^o6acferi«m 
bavis. hfycobacterivm tuberculosis or ^cobacterium africanum genomes may be 
used m addition to the antigens of the present invention in order to enhance the 
specificity of the diagnostic test. In particular, peptide cocktails from the antigens, 
ESAT-6 and CFP-10 may be used. 

The peptides of the present mvention may be used in either specific or differential 
diagnostic tests. The peptide as shown in SEQ ID NO 7 may be used in a specific 
diagnostic test to differentiate between tiiose mammals, which are either vaccmated 
against or infected by tuberculosis, and those mammals which have been sensitised by 
enviromnental mycobacteria. In particular, tiie peptide is especially usefid m 
differentiating between Mycobacterium feovfe-infected mammals, sudi as cattte or 
calves, and tiiose animals sensitised by environmental bacteria. 

According to a third aspect of the present invention, there is provided a nucleic acid or 
polynucleotide encodmg any one of the polypeptides or peptides of the invention, or a 
fragment, homologue or variant thereot The nucleic add may be DNA or RN A, and . 
>^^ere it is a DNA molecule, it may comprise a cDNA or genomic DNA. These 
nucleic acids may themselves be usefid as vaccines and such vaccmes form a fiirflier 
aspect of the present invention. Preferably, the nucldc add conqmses the sequence 
shown in SEQ ID Nos 8, 10, 11 or 13, or a variant or fragment thereof 

The term "fragment thereof as used herein in relation to a nucldc acid or 
polynucleotide sequence refers to any portion of the given polynucleotide sequence 



which exhibits the same activity as the complete polymicleotide sequence. Fragments 
will suitably compiise at least 15, preferably at least 30 and more preferably at least 
60 consecutive bases fix>m the basic sequence. 

The term 'Variant Ihereof' iiTi^ to a'poiynucieotide or imcleic acid sequences 
means any substitution of, variation of, modification of, replacement of deletion of, or 
the addition of one or more nucleic acid(s) fi-om or to a polynucleotide sequence 
providing the restiltant protein sequence encoded by the polynucleotide exhibits the 
same properties as the protein encoded by the basic sequence. The term therefore 
includes allelic variants and also includes a polynucleotide which substantially 
hybridises to the polynucleotide sequence of the present invention. Preferably, such 
hybridisation occurs at, or betwera low and high stringency conditions. In general 
temis, low stringency conditions can be defined as 3 x SSC at about ambient 
temperature to about 55°C and high stringency condition as 0.1 x SSC at about 65®C. 
SSC is the name of the buffer of 0.15M NaCl. 0-015M tri-sodium citrate. 3 x SSC is 
three times as strong as SSC and so on. 

Typically, variarits have 62% or more of the nucleotides in common with the 
polynucleotide sequence of the present invention, more typically 65%, preferably 
70%, even more preferably 80% or 85% and, especially preferred are 90%, 95%, 98% 
or 99% or more identity. 

When comparing nucleic acid sequences for the purposes of determining the degree of 
identity, programs such as BESTFIT and GAP (both firom Wisconsin Genetics 
Computer Group (GCG) software package). BESTFIT, for example, compares two 
sequences and produces an optimal alignment of the most similar segments. GAP 
enables sequences to be aligned along their whole length and fins the optimal 
alignment by inserting spaces in either sequence as ^propriate. Suitably, in the 
context of the present invention when discussing identity of nucleic acid sequences, 
the comparison is made by aligoment of the sequences along theh whole lengfli. 

According to a fourth aspect of the present invention there is provided a diagnostic kit 
comprising at least one polypeptide or peptide encoded by the sequences shown as 
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SEQ ID Nos 1, 3, 4, 6 and 7, or a ftagment, homologue or variant thereof, and 
optionally at least one polypeptide encoded by the sequences shown by the sequences 
shown as SEQ ID Nos 2 and 5 , and optionaUy one or more reagents, to differentiate 
between tuberculosis-infected and tuberculosis-vaccinated mammals. The 
polypeptide and peptide sequences of the invention suitably provide a means for 
detecting the recognition of the polypeptides or peptides by the T-ceU. Preferably, the 
diagnostic kit differentiates between Mycobacterium bovis. Mycobacterium 
tuberculosis or h^cobacterium africanum -infected mammals and mammals 
vaccmated against Mycobacterium bovis, Mycobacterium tuberculosis or 
Mycobacterium qfricamm. 

Where the kit is intended to be used to differentiate between those mammals infected 
by l^cobacterium bovis. Mycobacterium tuberculosis or Mycobactrium africanum 
and those mammals which have been vaccinated against Mycobacterium bovis. 
Mycobacterium tuberculosis or Hiycobacterium africanum. the kit will preferably 
comprise the polypeptides encoded by the sequences shown as SEQ ID Nos 1, 2 and 
3, or a fragment, homologue or variant thereof. 

Where the kit is intended to be used to differentiate between those mammals infected 
by Mycobacterium bovis. Mycobacterium tuberculosis or Mycobactrium africanum 
and mammals sensitised by environmental mycobacteria, the kit wiU preferably 
conqirise polypeptides or peptides encoded by the sequences shown as SEQ ID Nos 4, 
5, 6, and optionally, SEQ ID NO. 7 or a fragment, homologue or variant Ibereof. 

The diagnostic kit may also comprise one or more polypq)tides or peptides from the 
RDl region of the Mycobacterium bovis. Mycobacterium tuberculosis or 
Afycobacterium africanum genomes. Protein or peptide cocktails composed of such 
polypeptides may also be used. EspeciaUy preferred are peptide codctails composed 
of the ESAT-6 and/ or the CFP-10 polypeptides. Such peptide cocktails may be used 
to enhance tiie sensitivity of die diagnostic tests of the present invention. 

According to a fifth aspect of the present invention, there is provided a metiiod of 
diagnosing infection in a host, or exposure of a host, to a mycobacterium comprising 
i) contacting a population of cells from the host with a polypeptide derived from an 
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RDl or RD2 re^on of the Mycobacteritm tuberculosis, Aiycobacterium bovis or 
Mycobacterium cffricanum genomes, or a variant, homologue or fiagment of these, 
which polypeptide may be vised as a dis^ostic reagent, with the proviso that tihte 
polypeptide is not a ESAT-6, CFP-10, MPT-64 or a polypeptide encoded by the 
Rvl984c, Rv3871, Rv3872 or Rv387Tregions of the\% tuberculosis, 
Mycobacterium bovis or Mycobacterium africanum genomes; and 
ii) detemiining whether the cells of said cell population recognise the polypeptide or 
fiagment or variant thereof 

The population of cells used in Ate method is suitably a population of T-cells. The 
method preferably diagnoses infection by Mycobacterium tuberculosis, 
Mycobacterium bovis or Mycobacterium africanum. 

According to a sixth aspect of the present invention, there is provided a 
pharmaceutical or veterinary composition comprismg a polypeptide or peptide 
according to tiie present invention, or a polynucleotide or nucleic acid encoding such 
polypeptides or peptides, in combination with a pharmaceutically or veterinarily 
acceptable carrier. 

The carriers may be solid or liquid as understood in the art. They may be obtained by 
conventional procedures using conventional pharmaceutical excipients, well known in 
the art. 

In particular, the compositions of the invention may be in a form suitable for oral use 
(for example as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, 
emulsions, dispersible powders or granules, syraps or elixirs), for administration by 
inhalation (for example as a finely divided powder or a liquid aerosol), for 
administration by insufflation (for example as a finely divided powder) or for 
parenteral administration (for example as a sterile aqueous or oily solution for 
intravenous, subcutaneous, intramuscular or intramuscular dosing or as a suppository 
for rectal dosin. 

The pharmaceutical or veterinary compositions are preferably in the form of a sterile 
injectable aqueous or oily suspension, which may be formiilated according to known 
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procedures using one or more of the appropriate dispersing or wetting agents and 
suspending agents, wbich have been mentioned above. A sterile injectable preparation 
may also be a sterUe injectable solution or suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for exanqple a solution in 1.3-butanedioL 

Where the compositions of the invention comprise a nucleic acid, they are preferably 
formulated for parenteral administration and in particular intramuscular injection, 
although other means of appUcation are possible as described in the pharmaceutical 
literature, for example administration using a Gene Gun, (Bennett et al., (2000), 
Vaccine 18, 1893-1901). Oral or intra-nasally delivered formulations are also 
possible. SuchforaiulatiansincludedeUvery of the plasmidDNA via a bacterial 
vector such as species of Sahnonella or Listeria (Sizemore et al (1997). Vaccine 15, 
804-807). 

Formulation techniques generally are well known and are described for example in 
Chapter 25.2 in Volume 5 of Comprehensive Medicinal Chemistry (Corwin Hansel^ 
Chairman of Editorial Board), Pergamon Press 1990. 

The amount of active ingredient that is combined witii one or more excipients to 
produce a single dosage form will necessarily vary depending upon the host treated 
and the particular route of administration. Dosage unit forms will generally contain 
about 1 mg to about 500 mg of an active ingredient. 

The size of the dose for therapeutic or prophylactic purposes of the composition of the 
invention will naturally vary according to the age and sex of the animal or patient and 
tiie natiire of the active component and the route of administration, accordmg to weU 
known principles of medicine. Generally speaking however, for administration to a 
human as a prophylactic vaccine, dosage units of from 0.25 ^g to 2.5mg will be 
typically employed. 



According to a seventii aspect of tiie present invention, tiiere is provided a polypeptide 
or peptide of the present invention for use as a medicament. 



The polypeptides or peptides of the present invention are preferably used as vaccines 
against tuberculosis caused by Mycobacterium tubercidosis, Mycobacterium bovis or 
Mycobacterium qfricanum in a mammal. 

According to an eighth aspect of the present invention, there is provided the use of a 
polypeptide or peptide according to the present invention in the preparation of a 
vaccine. Most preferably the polypeptide has the sequence shown in SEQ ID NO. 7 
or an epitopic fragment thereof. 

The polypeptide of the present invention is protective against tuberculosis infection 
and therefore may be used as a prophylactic or therapeutic vaccine, and these form a 
further aspect of the invention. 

The vaccine is prefwably used to vaccinate against tuberculosis. It may be used as a 
vacciae against tuberculosis in both humans and cattle. It is, however, preferably 
used as a vaccine in cattle. 

Preferably, the vaccine comprises protein subunits. Altematively, it may comprise 
subunits of the DNA encoding for the polypeptide. 

Altematively, it may comprise a nucleic acid such as a DNA or cDNA encoding for 
the subunits. When it comprises a nucleic acid, this is suitably incorporated into an 
expression vector, in such a way that the protein subunit is caressed in the host 
animal. For example, the nucleic acid may be incorporated into a vhiis vector such as 
a vaccinia or adenovirus vector, or a plasmid to form a so-called ''naked DNA** 
vaccine. The vector may contain the usual e^tpression control functions such as 
promoters, enhancers and signal sequences, as well as selection markers. in order to 
allow detection of successful transformants. The nature of these will depend upon the 
preceise nature of the vector chosen and will be known to or readily determinable by a 
person skilled m the art 

Preferably, vaccine compositions will further comprise an adjuvant such as in order to 
enhance the immune response to the biologically active material administered. 
Suitable adjuvants include phaimaceutically acceptable adjuvants such as Freund's 
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incomplete adjuvant, aluminium compounds and, preferably adjuvants which are 
known to up-regulate mucosal responses such as CTB, the non-toxic pentameric B 
subunit of idiolera toxin (CT). 

. According to a-nineth-aspect-of the present invention, there is provided the use of a 
peptide according to the present invention to produce an antibody specific to the 
peptide. 

According to a tenth aspect of the present invention, there is provided a method of 
protecting a mammal agahist infection by Mycobacterium bovis. Mycobacterium 
tuberculosis or hfycobacterium africanum compriang administering to said mammal 
a polypeptide, peptide or phannaceutical or veterinary conqpoation according to the 
present invention which produces an unmune response against h^cobacterium bovis, 
Mycobacterium tuberculosis or Mycobacterium qfricamm. 

Polypeptides of the invention may be isolated fix>m strams of M iovis. M 
tuberculosis or M 'africanum. Preferably, they are prepared synthetically using 
conventional peptide synthesisers. Alternatively, they may be produced using 
recombinant DNA technology or isolated from natural sources followed by any 
chemical modification, if required. In these cases, nucleic acids encoding the 
polypeptides are incorporated into suitable expression vectors, which are then used to 
transform a suitable host cell, such as a prokaryotic cell such as E. coli. The 
transformed cells are cultured and the polypeptide isolated therefix)m. Vectors, cells 
and methods of Ais type form fiirther aspects of flie present invention. 

A highly preferred embodunent of the present mvention is a diagnostic kit comprising 
the polypeptides encoded by the sequences shown as SEQ ID Nos 1 to 3 and further 
comprising one or more polypeptides derived fiom the RDl region of Mycobacterium 
tuberculosis, Mycobacterium bovis or Mycobacterium africanum. and optionally one 
or more reagents, for differentiating between cattle infected by M bovis and cattte 
which have been vaccmated with BCG or with a vaccine according to the present 
inventioiL 



A further highly preferred embodiiaent of the present invention is a diagnostic kit 
comprising the polypeptides and peptides encoded by the sequences shown as SEQ ID 
Nos 4 to 7 and fiirther comprising one or more polypeptides derived from the RDl 
region of Mycobacterium tuberculosis, Mycobacterium bovis or Mycobacterium 
qfricanum, and optionally one or more reagents, for differentiatmg between cattle 
which have either been vaccmated against or infected by M bovis and those cattle 
which have been sensitised by environmental mycobacteria. 

A further preferred embodiment of the present invention is a vaccine comprising a 
peptide having the sequence shown in SEQ ID No 7. 

An advantage of the present invention is that the level of sensitivity achieved in 
diagnostic tests with these antigens is high» than the sensitivity achieved with the 
antigens ESAT-6 and CFP-10. In addition, the level of specificity of the antigen of , 
the present invention is higher than that of PPD, which is currently used. PPD has the 
disadvantage that it cross-reacts with other environmental mycobacterial species and 
the vaccine strain M bovis Badlle Calmette-Guerin (BCG). Such diagnostic tests 
will enable the transfer from skin testing regimes to vaccine regimes to be 
implemented. 

A further advantage of the present invention is the provision of a test which can 
distinguish between those mammals that have been vaccinated against tuberculosis, 
and in particxilar M bovis, and those which have been infected with M bovis. This 
allows the selective slaughter of animals which would appear from current tests to all 
be infected, thereby saving the lives of many animals. 

Cattle models of M bovis infection and BCG vaccination were studied to identify 
highly inmiunogenic antigens from three genonuc regions deleted in BCG Pasteur 
(EUDl, RD2, RD14) [Behr, 1999 #8, Mahairas, 1996 #83] that could be useful as 
specific diagnostic reagents or subunit vaccine candidates. Five hundred and thirty 
six overlapping synthetic peptides d^ved from the sequence of 13 antigens (open 
reading frames) encoded in tiiese regions were synthesised and used to diagnose 
infected or vaccinated catde. The previously mentioned ESAT-6/CFP-10 peptide 
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cocktail was also included as a gold standard with which to compare and all tests 
performed used the BOVIGAM ELISA for the detection of bovine IFN-tt. 

The present invention wiU now be described only by way of example, in whidi 
reference shall be made to the Figures, in whidi: 

Figure 1 shows the recognition of RDl products by a M bovis infected cow (A, C and 
E) and a PPD-A reactor (B, D and F). Whole blood was cultured in the presence of 
peptide pools of between 8-11 peptides representing RDl (A and B), RD2 (C and D) 
and RD14 (E and F) each peptide/ml. Dashed horizontal lines indicate 
—positive-Gu^off (OD450 values-with antigens minus OD4S0 without antigens > 0.1); 

Figure 2 shows IFN-y responses induced by RD region antigens by M bovis infected 
(22), BCG vaccinated (6) and PP-A reactor catfle (10). Only the results of the 
pooVantigen stimulating the greatest IFN-7 response are shown. Green squares 
represent M bovis infected cattie, red triangles represent PP-A reactors and blue 
circles represent BCG vaccinated catfle. Dashed horizontal line indicate tiie positive 
cutOoff (OD450 values with antigens minus OD450 without antigens >p.l). 

Figure 3 shows IFN-y secretion induced by individual peptides from pool 3 (A) and 
pool 26 (B) in whole blood cultures from two representative animals. Whole blood 
was collected from M bovis experimentaUy infected catfle and incubated for 48hrs 
witii peptides (25ug/ml each). Results are expressed as delta mean optical density 
OD450 values with antigens minus OD450 witiiout antigens) of dupUcate 
determinations, with a positive cut-oflFof 0.1. 
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4 



shows 



the 



anti^ns 



selected 



for 



evaluation. 



Figure 



5 



shows . the 



most 



frequrafly 



recognised 



antigen. 



Figure 6 shows the sequence homology between peptide 3.2 from Rv3873 (shown 
SEQ ID NO. 7) with other mycobacterial proteins. 




Figure 7 shows the amino acid sequences which refer to the open reading frames 
Rvl979c, Rvl769c, Rvl986, Rv3872, Rv3878, Rvl983, Rv3873 and Rv3879c which 
are shown as SEQ IDNos 1 to 6. 

Tigiffe 8 shows WnucleoKde seq^ of the Rvl979c, Rvl769c, Rvl986, Rv3872, 
Rv3878, Rvl983, Rv3873 and Rv3879c antigens which are shown as SEQ ID Nos 8 
to 13. 

The following results demonstrate that six antigens showed promise as diagnostic 
antigens with regard to their specificity, and that two more could be considered as 
potehtiSrvaccine candidates because they wereHiigBly inmiunogem 
assayed. 

MATERIALS AND METHODS 

Cattle. Ca. 6 months old calves (Friesian or Friesian crosses) were obtained from 
herds free of bovine tuberculosis. 

The following groups of catfle were xised in this study: 

M. bovis infection. Nine calves were infected with a GB M bovis field strain from 
(AF 2122/97) by intratracheal instillation of 2 x 10"* CFU as described [Buddie, 1995 
#16; Rhodes SG, 2000 #138]. Twelve calves were mfected with an M bovis field 
strain, isolated from a New Zealand infected cow using also intratracheal instillation 
(5x10^ CFU). Bovine tuberculosis was confirmed in these animals by the presence 
of visible lessions in lymph nodes and limgs found at post-mortem examinations, by 
the histo-pathological examination of lesioned tissues and the culture of M. bovis 
from tissue samples collected fix)m lymph nodes and lungs. Heparinised blood 
samples were obtained between 14-20 weeks after infection when strong and 
sustained in vitro tuberculin responses were observed. Data from a total of 21 
experimentally infected cattle are presented in this study. One naturally infected 
animal was also used included in this group. 
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BCG vacdnaiion. Calves were vaccinated with BCG Pasteur by subcutaneous 
injection of 10* CFU into the dde of the neck followed 8 weeks later by a booster 
injection using the same route and dose [Buddie, 1995 #16; Vordermeier, 1999 #125]. 
Heparinised blood samples were taken between 4-6 weeks after the booster 
vaccination. Data from 6 calves will be presented in this study. 

Uninfected controls. Heparinised blood from tuberculin skin test-negative calves 
from herds free of BTB (10 animals) was also obtained. These animals produced 
IFN-Y in vitro after stimulation with tuberculin from M avium indicating tiiat they 
have been exposed to environmental mycobacteria. 



Aniens and peptides 

Antigens- Bovine (PPD-B) and avian (PPD-A) tuberculins were obtained from 
the Tuberculin Production Units at the Veterinary Laboratories Agency-Weyhridge 
and used in culture at 10 jAg/ml. 

Peptides: A set of five hundred and fifty two synthetic peptides spanning 13 
open reading frames (20 residues long with a 12 residue overlap) was prepared by 
Multi-rod peptide synthesis. These were used in mapping experiments in pools of 10 
peptides at 5ng each peptide/ml and 25ng/ml when used mdividuaUy. The peptides 
were purchased from Chiron Mimotopes (Clayton, AustraUa). ESAT.6 and CFP-10 
derived peptides were syntiiesised by soUd phase peptide syntiiesis and formulated 
mtoapeptidecocktailasdescribedearUer[Vordermeier,2001#169]. Iheywerealso 

used at 5ng each peptide/ml. Peptide purity and sequence fideUty of ESAT-6 and 
CFP-10 derived peptides was confirmed by analytical reverse-phase HPLC and by 
electron-spray mass spectrometry, respectively. 

Interferon-gammaEUSA, Whole blood cultures were performed in 96-well plates in 
0 2ml/well aliquots by mixing 0.1 ml of heparinised blood witi. an equal volume of 
antigen containing solution [Vordermeier, 1999 #125]. Supematants were harvested 
after 48 h of culture at 37'»C/5% COa in a humidified incubator, hiterferon-gamma 
(IFN^) concentmtion was determined using BOVIGAM™ ELISA kit (Biocore AH, 
Omaha, NE). Results were deemed positive when the OD450 [PPD-B] minus OD450 
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Pasteur vaccinated animals and 10 un-vaccinated/vm-infected controls. Whole blood 
cultures in the presence of PPD-B, PPD-A, peptide pools and a cocktail of 10 
synthetic peptides derived from ESAT-6 and CFP-10, were estabUshed and the 
amount of IFN-7 determined after 48 h of culture. 

As expected, all M bovis infected and BCG vaccinated animals responded more 
strongly to bovme tuberculin PPD-B than to avian tuberculin PPD-A (median 
responses and range: M bovis mfected: PPD-B=1.593(0.274-3.500), PPD- 
A=1.313(0.066-3.455)); BCG vaccinated: PPD-B=0.886(0.1 81 -2.244), PPD- 
A=0.51 15(0.274-2.234)); Unmfected, non-vaccinated control against animals 
responded strongly I0 avian PPD (PPD-A) indicating that tbey were sensitised by 
environmental mycobacteria O^edian responses and ranges: PPDB=0.230(0.090- 
0.684), PPD-A=0.686(0.162-1.822)); they will be described herdnafter as PPD-A 
reactors. Next the immunogenicity of the peptide pools described in Figure 4 was 
assessed. Figure 1 depicts the results obtained with blood from two representative 
animals, one infected with M bovis, the other a PPD-A reactor. The M bovis mfected 
animal recognised at least one peptide pool from each antigen (Figure lA, C, E), 
indicating that cellular responses were induced after M bovis infection against aU 13 
antigens selected, hi contrast, none of the peptide pools induced IFN-y secretion in 
v»*Dle blood from the environmentally sensitised PPD-A reactor (Figure IB, D F). 

The peptide-mduced IFN-y responses of all 38 M. bovis infected, BCG vaccinated 
and PPD-A-reactors (uninfected controls) to the 13 antigens are summarised in Figure 
2. When antigens were covered by more than one peptide pool, the result of the pool 
stimulatmg the most IFN-7 secretion is shown. Interestingly, all 13 antigens were 
recognised by M bovis infected cattle all be it with the percentage of responding 
catde (responder frequencies) varying between 21 and 86 %. The most frequently 
recognised antigens were Rv3873, Rv3879c and Rvl769, with responder frequencies 
of 82, 77 and 86% respectively, whereas Rvl984c and Rvl772 were recognised only 
by 21 and 36% of mfected calves. Interestingly, several of the most prommently 
recognised antigens were members of the PE/PPE protein femily (e.g., Rv3873, with a 
responder frequency of 82%). Surprismgly, considering the absence of the genes 
encoding these antigens in BCG Pasteur, 9 of the 13 antigens tested, stimulated a 
positive response in BCG vaccmated anhnals (Rv3873, Rv3879c, Rvl979c, Rvl983, 



Rvl987, Rvl989c, Rvl768, Rvl769 and RV 1772, with a range in leqwnder 
fiequencies of 17 - 100%). The remaining four antigens were recognised by A£ bovis 
infected cattle only (Rv3872, Rv3878, Rvl984c, and Rvl986, with a range of 
responder frequencies of 21-59%). The responder frequencies of the 8 most 
immunogenic antigens are simimarised in iFigure 5. In addition, 21/22 M bovis 
infected animals responded to a previously characterised peptide cocktail derived 
from CFP-10 and ESAT-6 (reference) that had been included for comparison (median 
responses and range: 1,281 (0.011-2.825)). 

EXAMPLE 2 

The combination of antigens offers improved sensitivity 

It is unlikely that a single diagnostic antigen, hovsrever specific, could impart enough 
sensitivity to provide population coverage; therefore combinations of specific 
antigens will be needed. It was therefore determined whether such antigen 
combinations could improve test sensitivity. Two scenarios were considered: firstly, 
antigens suitable for differential diagnosis, i.e., not recognised by BCG vaccinated 
animals or PPD-A reactors. The three antigens most frequentiy recognised by M 
bovis infected animals fulfilling this criteria are Rvl986, Rv3872, and Rv3878 
(Figure 5). Combining their results indicated that 82% of the infected animals would 
have been correctiy identified by their responses to either of these three antigens 
(Fiigure 5). 

Secondly, we considered the three most immunodominant antigens (Rvl983, Rv3873, 
Rv3879c) tiiat were not recognised by PPD-A reactors, but were recognised by BCG 
vaccinated calves, i.e., antigens enable of distinguishing between M bovis infection 
and animals sensitised by environmental mycobacteria for example, M avium 
(specific diagnosis). Taken together, these antigens would have identified 20/22 
(91%) of the M bovis infected animals (Figure 5). Interestingly, if Rv3878 fiom the 
first category was consid^ed together with Rv3873 and Rv3879c fix)m this category. 
21/22 (95%) of the M bovis infected animals would have been detected (Figure 5). 



EXAMPLES 

Responses of peptide pools can be the result of a single peptide 
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The peptide pools formulated contain between 8-11 peptides (see Figure 4 for details 
of peptide pools). To determine whether IFN-r responses of pools were due to single 
or multiple peptide constituents, the individual peptides of pool 3 (representing 
residues 89-188 from Rv3873) and pool 26 (representing residues 161-252 fiom 
RV1983) were tested using blood from 5 M bavis infected animals. All tiiree animals 
tested tiiat recognised pool 3 responded exclusively to peptide 3.2 (residues 97-116), 
whereas botii animals tested tiiat responded to pool 26 only recognised peptide 26.2 
(residues 169-188). Hie results shovm in Figure 3 give results from one 
representative animal respondmg to pools 3 (Fig. 3A) or 26 (Fig.3B), respectively. 
These data suggest that tiie individual peptides imparting antigenicity can be 
identified from immunodominant pools and that pool immunogenicily can be 
attributed to angle pqrtides. 

The effective use of comparative genomics in combmation with synthetic pepMes to 
identify and screen tiiirteen potential antigens encoded by ORFs located in the RDl, 
RD2, and RD14 regions of tiie M tuberculosis has been demonstrated. Tliese results 
mdi<iated that six antigens in particular showed promise as diagnostic antigens 
because they were eitiier (i) recognised by M bovis infected animals alone, but not by 
BCG vaccinated or controls (differential diagnosis. Figure 5) or (ii) by infected 
animals and vaccinated animals but not by enviromnental mycobacteria exposed 
controls (specific diagnosis. Figure 5). 

m general, all 13 antigens tested were recognised with responder frequencies varying 
between 21 and 86%. It is likely that a combination of several factors determines 
>^etiier and to what degree mycobacterial proteins are immunogenic after infection. 
These factors could include (a) parameters mtrinsic to the bacterium, such as the 
abmidance of die protein, its sub-cellular location, post-translational modification, 
participation in macromolecular complexes, and in vivo regulation; and (b) fectors 
relating to tixe immune system, including location of the antigen with respect to tiie 
phagosome, proteolytic sensitivity, and tiie presence of motife suitable for interaction 
witii TAP transporters and different MHC alleles witiun tiie antigen. 

•me present invention exploits tiie use of pools of overlapping syntiietic peptides 
derived from tiie sequences of tiiese proteins. In a pilot experiment where tiie 



peripheral monocyte blood cell (PBMC) was isolated ftom 8 cattle experimentally 
infected wiUi M bovis and stimulated them with either recombinant ESAT-6 or a 
cocktail of 11 synthetic peptides spanning the whole sequence of ESAT-6, it was 
concluded that the numbers of IFN-y producing cells, determined in this case by 
ELISPOT, demonstrated equivalent responses to recombinant protein and synthetic 
peptides (r=0.92, p<0.0001.) The number of peptide pools that represent the 
sequences of each ORF varies depending on the size of the antigen, as illustrated in 
Figure 4. It was demonstrated that the combined results from Rv3873, Rv3878 and 
Rv3879c resulted in an overaU responder frequency of 95%. These 3 antigens are 
represented by a total of 16 different peptide pools, containing 169 individual 
peptides. However, the same frequency of recognition can be obtained using just 3 
pools out of the 16 pools assayed (pools 3. 8 and 9), i.e., 30 peptides, suggesting the 
presence of the immunodominant qpitomes within these tiiree pools. Indeed, tiie 
number of peptides needed to achieve responder frequencies similar to that with the 
complete set of overlapping peptides could even be significantiy lower since the data 
described in Figure 3 demonstrates that only one or two immunodominant peptides 
can be responsible for tiie immunogenicity of the whole pool. If these peptides were 
to be recognised promiscuously in tiie context of multiple MHC molecules, as has 
been described in the recognition of othea: mycobacterial antigens by human, murine 
and bovine CIM+ T cells [Vordermeier. 2000 #126; Vordermeier, 2001 #169; 
Vorderaider, 1995 #124; Lightbody. 1998 #75; Lightbody. 1998 #76; Pollock, 1994 
#99; Pollock, 1995 #100], tiie number of peptides required to achieve wide population 
coverage could be relatively low as has been demonstrated before fOT ESAT-6 and 
CFP-10 derived peptides [Vorderaieier, 2001 #169, Lalvani, 2001 #185], Peptides as 
imrauno-diagnostic reagents can therefore constitute a practical alternative to 
recombmant proteins, in addition to substituting tiiem as reagents to assess 
immunogenicity. The fact tiiat all tiiree animals tested, two from tiie UK and one 
from New Zealand, recognised the same peptide within pool 3 (peptide 3.2) is 
encouraging in this context 

hiterestingly, flie previously described peptide cocktail containing peptides derived 
from ESAT-6 and CFP-1 0 was also recognised by 95% of tiie M. bovis infected 
animals tested, in feet the same animals that responded to the combination of Rv3873, 
Rv3878 and Rv3879c. 




As described in Figure 6, 4 PPD/ PE genes were selected for testing (Rv3872, 
Rv3873, Rvl983 and Rvl768) and gave responder ftequencies of between 45-82% 
when assayed in the M bovis infected cattle. Litfle is known about tbe function or 
immunogenicity of these proteins, which account for approximately 10% of the total 
coding capacity of the M tuberculosis genome [Cole, 1998 #21]. 

As described in Figure 3, peptide 3.2 is a highly unmunogenic component of pool 3 
derived firom the sequence of Rv3873, a member of the PPE family of proteins. The 
pool consistently produces positive responses when assayed in M bovis infected cattle 
with a responder ftequency of 82% but was also recognised m BCG vaccinated 
animals. This is a suiprismg outcome given that its gene is deleted in BCG and that 
no homologous protems were found elsewhere in the BCG genome. However, the 
unit of cross-reactivity is the epitope, less than 20 ammo acids long, that is recognised 
by T cells m the context of MHC molecules [Rudensky, 1991 #175, Rammensee, 
1995 #176]. Consequently, the molecular nature of cross-reactivity can only be 
addressed once these 'epitopes have been identified [Harris, 1995 #177]. Therefore we 
used the sequence of peptide 3.2 (shown as SEQ ID N0.9) to search for similar 
regions with other genes found within the M tuberculosis genome. 

Figure 6 shows the results using the Basic Local Alignment Search Tool (BLAST) 
program [NCBI, #178] to identify similarity between mycobacterial proteins. The 
table shown in Figure 6 hi^ghts several sequences that contain amino acid identities 
of greater than 50%. These include five protems from the M tuberculosis genome, all 
of which are also members of the PPE femily and several others identified in protdns 
of various mycobacterial species. The peptide covers an area of the gene that encodes 
two motifs identified in a number of PPE femily members during Iheu: annotation 
[Tekaia, 1999 #116, TubercuList, #180]. Therefore, it is reasonable to hypothesise 
that the cross reactive nature of the peptide is a result of similarity with other PPE 
fenuly members located elsewhere in the genome of M tuberculosis and therefore the 
genome of M bovis BCG Pasteur. We conducted BLAST searches for the other 
identified cross-reactive antigens (e.g., Rvl979c) by comparing the whole genes in 
steps of 20 amino adds, representing the correspondmg peptides, and were able to 



find numerous similar amino acid sequences in otiier mycobacterial proteins outside 
the deleted regions. 

The use of peptides instead of recombinant proteins, has several advantages already 
discussei^ However/^ regard to the observed'cfbss reactivity of antigens between 
BCG vaccinated and M bovis infected animals, this peptide-based approach has other 
distinct advantages. If ORF Rvl987 is taken as an example, it appears unsuitable as a 
differential diagnostic reagent due to the high cross reactivity in the BCG vaccinated 
cattle. However, the responder firequency of 57% in M bovis infected cattle is due to 
the recognition of two pools with responder j&equendes of 47% and 53% 
respectively. Whilst one pool is recognised by 50% of the BCG vaccinated aninoals, 
the other is not recognised. Therefore, the diagnostic potentials of this antigen can 
still be realised by using only peptides derived from the second peptide pool. 

In summary, therefore, the analysis of peptides, derived from genes deleted in BCG 
Pasteur, can lead to the identification of antigens for diagnosis and even vaccination. 
Li particular, antigens that can form the basis of diagnostic reagents to either 
differentiate between infected and BCG vaccinated animals or to improve the 
specificity of PPD per se are described, hi addition, it has also been demonstrated for 
the first time that members of the both the PE and PPE families of proteins induced 
celliil^r immune response after mycobacterial infection of a target species. 

All references mentioned in the above specification are herein incorporated by 
reference. Other modifications of the present invention will be apparent to those 
skilled in the art without departing from the scope and spirit of the invention. 
Althougji tiie invention has been described in connection with tiie specific preferred 
embodiments, it should be understood that the invention as claimed should not be 
unduly linuted to such specific embodiments. Indeed, various modifications of the 
described modes for carrying out the invention, which are obvious to those skilled in 
the art, are intended to be within the scope of the following claims. 
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CLAIMS 

1 . A diagnostic reagent comprising a polypeptide derived from an RDl or RD2 
regions of the Mycobacterium tuberculosis, Mycobacterium bovis or 
Mycobacterium qfricanum genomes, or a variant, homologue or fragment of 
these, with the proviso that the polypeptide is not a ESAT-6, CFP-10, MPT-64 
or a polypeptide encoded by the Rvl984c, Rv3871, Rv3872 or Rv3873 
re^ons of the Mycobacterium tuberculosis, Mycobacterium bovis or 
Mycobacterium qfricanum genomes. 

2. A diagnostic reagent according to claim 1 wherein the polypeptide is derived 
from the Mycobacterium tuberculosis genome. 

3. A diagnostic reagent according to claim 1 which polypeptide is a member of 
the PE/PPE protein family. 

4. A diagnostic reagent according to any one of claims 1 to 3 wherein the 
polypeptide comprises the sequence shown in any one of SEQ ID Nos 1, 3, 4 
or 6, or a fragment, homologue or variant thereof. 

5. A diagnostic reagent according to claim 4 \^erein the diagnostic reagent 
comprises the sequence shown in SEQ ID Nos 1 or 3 orafiagment, 
homologue or variant thereof. 

6. A diagnostic reagent according to any one ofthe preceding claims wherein the 
diagnostic reagent is used to differentiate between tuberculosis-infected and 
tuberculosis-vaccinated mammals. 

7. A diagnostic reagent according to claim 6 wherein the diagnostic reagent is 
used to differentiate betwe«aJl4&/cofeacrermm bovis, Mycobacterium 
tuberculosis or Mycobacterium qfricamdm-mfected and mammals vaccinated 
against Mycobacterium bovis, Afycobacterium tuberculosis or Mycobacterium 
qfricamarL. 




8. A diagnostic ree^ent according to any one of claims 1 to 4 wdbeidn liie 
diagnostic reagent comprises the sequence shown in SEQ ID Nos 3 or 6 or a 
firagment, homologue or variant thereof. 

9. A dia^ostic reagent according to claim 8 wherein the diagnostic reagort is 
used to diEFerentiate between those mammals which are either vaccinated 
against or infected by tuberculosis and those mammals sensitised by 
environmental mycobacteria. 

10. A diagnostic reagent according to claim 9 wherein tihe diagnostic reagent is 
used to dififerentiate between those mammals vMch are either vaccinated 
against or infected by Afycobacteritan bovis. hiycobacterium tuberculosis or 
Mycobacterium qfricanum and those mammals sensitised by enviroimiental 
mycobacteria. 

1 1 . A peptide derived from an RDl or RD2 region of the Aiycobacterium 
tuberculosis. Mycobacterium bovis or Mycobacterium qfricanum genomes, or 
a variant, homologue or fragment of these, with the proviso that die peptide is 
not derived from a ESAT-6 or CFP-10 polypeptide. 

12. A peptide according to claim 1 1 wherein the peptide has the sequence shown 
in SEQ ID NO. 7, or a fragment, homologue or variant thereof 

13. A peptide according to claim 11 or claim 12 wherein the peptide is a synthetic 
peptide. 

14. A peptide according to any one of claims 1 1 to 13 which is a diagnostic 
reagent. 

15. A peptide according to claim 14 wherein said peptide is used to dififerentiate 
between mammals which are either vaccinated agamst or infected by 
Mycobacterium bovis, Mycobacterium tuberculosis ox Mycobacterium 
qfricaman and T"annnials sensitised by environmental mycobacteria. 




16. A peptide according to claim 15 wherein said peptide is used to differentiate 
between those mammals infected by Mycobacterium bavis. Mycobacterium 
tuberculosis or Mycobacterium qfricanum and those mammals senatised by 
environmental mycobacteria. 

17-. A nucleic acid encoding the polypeptide or peptide sequence of any one of the 
preceding claims or a fragment, homologue or variant thereof. 

1 8. A nucleic acid according to claim 17 wherein tiie nucleic acid comprises the 
sequence diown m SEQ ID Nos 8, 10, 1 1 or 13, or a variant or fragment 
thereof. 

19. A diagnostic kit comprising at least one of the polypeptides or pqptides 
encoded by the sequences shown as SEQ BD Nos 1, 3, 4, 6 and 7, and 
optionally at least one polypeptide encoded by tiie sequences shown as SEQ 
ID Nos 2 and 5, and optionally one or more reagents, wherein the polypeptides 
or peptides are capable of differentiating between tuberculosis-mfected, 
tuberculosis-vaccinated mammals and mammals wbich have been sensitised 
by environmental bacteria. 

20. A diagnostic kit according to claim 19 wherem the kit comprises the 
polypeptides encoded by the sequences shown as SEQ ID Nos 1, 2 and 3. 

21. A diagnostic kit according to claim 19 or claim 20 v^erein tiie diagnostic kit 
difiEerentiates betweoi those mammals infected by Mycobacterium bovis, 
Mycobacterium tuberculosis or Mycobacterium t^caman and tiiose mammals 
vaccinated s^wDsi Mycobacterium bovis, Mycobacterium tuberculosis or 
Mycobacterium qfricanum . 

22. A diagnostic kit according to claim 1 9 wherein the kit comprises the 
polypeptides or peptides encoded by the sequences shown in SEQ ID Nos 4, 5 
and 6 and optionally 7. 




23. A diagnostic kit according to claim 22 wherein the diagnostic kit differentiates 
between those mammals which are either vacchiated against or infected by 
Mycobacterium hovis, Mycobacterium tuberculosis or Mycobacterium 
qfricamm and those mammals which have been sensitised by envhonmental 
mycobacteria. 

24. A diagnostic kit according to any one of clauns 19 to 23 further comprising 
one or more polypeptides or peptides firom tiie RDl region of the 
Mycobacterium bovis. Mycobacterium tuberculosis ot Mycobacterium 
(0icanum genomes. 

25. A diagnostic kit according to claim 24 wherein the kit comprises a peptide 
mixture composed of one or more polypeptides firom the RDl region of the 
Mycobacteriim bovis, Mycobacterium tuberculosis at Mycobacterium 
qfricamtm genomes. 

26. A diagnostic kit according to claim 24 or claim 25 wherein the one or more 
polypeptides include the ESAT-6 and CFP-10 polypeptides. 

27. A method of diagnosing infection in a host, or exposure of a host, to a 
mycobacterium comprising 

i) contacting a population of cells ftom the host with a polypeptide derived 
fiom an RDl or RD2 region of the Mycobacterium tuberculosis. 
Mycobacterium bovis or Mycobacterium qfticanum genomes, or a variant, 
homologue or fi^mCTitofthese, which polypeptide may be used as a 
diagnostic reagent, with the proviso that tiie polypeptide is not a ESAT-6, 
CFP-10, MPT-64, or a polypeptide encoded by the Rvl984c, Rv3871, Rv3872 
or Rv3873 regions of the Mycobacterium tuberculosis, Mycobacterium bovis 
or Mycobacterium qfricarmm genomes; and 

ii) deteraiining whether the cells of said cell population recognise the 
polypeptide or fragment or variant thereof. 



28. A method according to claim 27 wherein said ceU population is a population 
ofT-cells. 



29. A method according to claim 27 or claim 28 wherein the infection is hy 
Mycobacterium tuberculosis. Mycobacterium bovis oi Mycobacterium 
q/ricanum. 

30. A phannaceutical or veterinary composition comprising a polypeptide or 
peptide according to any one of claims 1 to 13, or a nucldc add according to 
claim 17 or claim 18, in combination with a pharmaceutically or veterinarily 
acceptable carrier. 

31. A polypeptide or peptide according to any one of claims 1 to 13, or a nucleic 
acid according to claim 17 or claim 18, for use as a medicament 

32. A polypeptide, peptide or nucleic acid according to claim 31 for use as a 
vaccine against tuberculosis caused by Mycobacterium tuberculosis. 
Mycobacterium bovis or Mycobacterium africanum in a mammal. 

33. Use of a polypeptide or peptide according to any one of claims 1 to 13 in tiie 
preparation of a vaccine. 

34. Use according to claim 33 wheran the vaccine is used to vaccinate agamst 
tuberculosis. 

35. Use according to claim 33 or claim 34 wherein the vaccine is used to vacdnate 
against tuberculosis in cattie. 

36. Use according to claim 33 or 34 wherein tiie vaccine is used to vaccinate 
against tuberculosis in humans. 



37. Use according to any one of claims 33 to 36 wherein die vaccine comprises 
one or more subunits. 




38. Use of a peptide according to any one of claims 11 to 13 to produce an 
antibody specific to the i>eptide. 

39. A method of protecting a mammal against infection by Mycobacterium bovis, 
Mycobacterium tuberculosis or Mycobacterium qfricanum comprising 
administering to said mammal a polypeptide or peptide according to any one 
of claims 1 to 16, a nucleic add according to claim 17. or a composition 
according to claim 28. 



40. A polypeptide, a peptide, use or diagnostic kit as substantially as hereinbefore 
described with reference to the accompanying figures. 




ABSTRACT 



DTAGNOSTICTEST 

A diagnostic reagent comprising a polypeptide derived from the RDl or RD2 
regions of the Kfycobacterium tuberculosis.hfycobacterium bovis or 
Mycobacterium qfricanum genomes, or a variant, homologue or fragment tiiereof, 
is described, wiA the proviso that the polypeptide is not the ESAT-6, CFP-10, 
MPT-64 or a polypeptide encoded by the Rvl984c, Rv3871, Rv3872 or Rv3873 
regions of the Afycobacterium tuberculosis, Mycobacterium bovis or 
Mycobacterium qfricanum genomes. The diagnostic reagent may be used m a 
method for differentiating between mammals vacdnated against tuberculous and 
tuberculosis-infected mammals and those mammals, vAdch have been sensitised 
by environmental mycobacteria. 
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Figure 4. RD antigens selected for evaluation in this study 



Deleted 


Designation" 


Size 


Peptide 


Putative Function'' 


Region 




(Amino 
Acids) 


Pools* 






Rv3872 


99 


1 

(10) 


Member of PE-like protein family 




Rv3873 


368 


2-5 


Member of M tuberculosis PPE 


RDl 






(40) 


family 




t\.VJo / o 


280 


6-8 
(30) 


Unknovm, alanine-rich protein 




Rv3879c 


729 


9-17 
(90) 


Unknown, alanine-proline-rich 
protein 




Rvl979c 


481 


18-23 
(60) 


Possible amino acid permease 




Rvl983 


558 


24-30 


Member of the PE-PGRS sub-family 


RD2 






(70) 


of glycine-rich proteins 




Rvl984c 


217 


31-33 
(30) 


Probable secreted cutinase 




Rvl986 


199 


34-35 
(20) 


Possible lysine transporter 




Rvl987 


142 


36-37 
(20) 


Possible chitinase 




Rvl989c 


186 


38-39 
(20) 


Unknown 




Rvl768 


618 


40-46 
(70) 


Member of the PE-PGRS sub-family 
of glycine-rich proteins 


RDM 


Rvl769 


414 


47-51 
(50) 


Similar to Sireptomyces coelicolor 
hypothetical protein 




Rvl772 


103 


51-52 
(20) 


Unknown 



"Rv designation of ORF as defined [Cole, 1998 #21] 



/ ^ 



*TSfumber of peptide pools required to cover full sequence (total number of peptides 

required shown in brackets) 

""Putative function as suggested [Cole, 1 998 #21] 




Figure 5. List of mosl frequently recognised antigens" 



Designation Responder Frequency % Potential Application 







*BCG 


'^M.avitm 






Reactors 


Vaccinated 


Reactors 




Rvl986 


41 


0 


0 


Differential Diagnostics 


Rv3872 


50 


0 


0 




Rv3878 


59 


0 


0 




Combined 


— 82 


— 0 


0 




Rvl983 


59 


33 


0 


Specific Diagnostics 


Rv3873 


82 


17 


0 




Rv3879c 


77 


33 


0 




Combined 


91 


50 


0 




Rvl979c 


73 


67 


40 


Vaccines 


Rvl769 


86 


100 


30 





"Only antigens recognised by >40% of M.bovis infected animals are listed 

^'Results from 22 cattle experimentally infected with M.bovis 

^Results from 5-6 BCG vaccinated cattle 

^'Results from 10 environmental mycobacteria sensitised cattle 




Figure 6. Sequence homology between peptide 3.2 from Rv3873 with other 
mycobacterial proteins 



Designation" 


Putative Function 


Amino Acid Sequence 


RV3873 


M.tuberculosis PPE family 


AMATTPSLPEIAANHIT 


Rv3021c 


MJuherculosis PPE family 


ALAEMPTLPELAANHLT 


Rv0286 


MJubercuIosis PPE family 


ALAAMPTLAELAANHVI 


Rv3018c 


M.tuberculosis PPE family 


ALAEMPTLPELAANHLT 


Rv0280 


MJuherculosis PPE family 


AVAAMPTLYELAANHTL 



The homology search was performed using the BLAST program. "Designation of M 
tuberculosis proteins as described [Cole. 1998 #21]. "^e sequence in M. 
tuberculosis and M bovis was found to be identical. Amino acid residues are shown 
in the one letter code. ^4on-identical residues are underlined. 
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61 - E^QAVSAQAS AFHQQFVQTL NSASGSYAAA EATIASQLQT AQHOLLGAVN APTETLLGR? 

ill - Lr^DGAPGTA TSPNGGAGGL LVGNGGNGYS ATASGVGGGA GGSAGI.IGNG GAGGAGGPNA 

1^1 P-GAGGNGGW LLGNGGIGGP GGASSIPGMS GGAGGTGGAA GLLGWGAN3G AGGLGDGVGV 

2? : DrSSgR GgSSgV SGPGGDGRTV PLBIIHVTBP TVHANVNGGP ^STIl^VDTGS 

301 - AGLWSPEDV GGILGVLHMG LPTGLSISGY 5GGLYYIFAT YTTTVDFGNG IVTAPTAVNV 

^'1 G^^T STPTSPF AISTYFSALL ADPTTTPFEA YFGAVGVDGV LGVGPNAVGP GPS1PTMAI.P 

421 : SSSiD JpJgeS^p Splpapnvev VGSPITTLYV kioggtpipv psiidsggvt 

til - SS?YVIG5 GTLPAWTNIE VYTSPGGDRL YAFNTNDYRP TVIS3GLMNT GFLPFRFQPV 
54 i - YIDYSPSGIG TTVFOHPA 

fil ^gaS^XJS OSSggSafl IGYGLIAARR awrpvalips gatpvrlaev lvtcaaftfl 
jll - nln^J^i^^ ^S^3 Bqrwlfgiga vtasavwfat lgfgagrlrg lftnpgswri 

181 - XiDGLIAVMI-IV AliGISLTS/T 

^"^'^^^^XK ^0ISSvI^N'^HGWAGS^^;STSWG^^^^^ ATAPTSEGXQ 
61 - LLASNASAQD QLHRAGEAVQ DVABTYSQID DGAAGVFAE 

. 4 S to . Lb • 

WOTLSAALDA Q^I^TARLH "jO^^J^J? 
- SDKAnAAATP MWWLQTAST QAKTRAMQAT AQAAAYTQAM ATTPSLPEIA ^HITQAVLT 

^ : EBi rss sss z^^^ 

ill : ^^11^ SiS- ' 

361 - DWDEEDDW 

it i iTs iis?? 7.= =fo 

24 i - PGGGVPAQAM DTGA6ARPAA SPLAAPVPPS TPAPSTTTTL 







MSITRPTG5Y 


ARQMLDPGGW 


61 




liWSGGAANAA 


NGALGANINQ 


121 




OILENDPSLD 


ADBRHTAIN5 


ISl 




SPPPPDVPTL 


WPSPGTPGT 


?A\ 




PGKPVTPVTP 


VKPGTPGEPT 


301 




PQP'vTPATPG 


PSGPATPGTP 


361 




SVTPAAASGV 


PGARAAAAAP 


421 




PSTRAASART 


APPARPPSTD 


481 




RGRGDALRLA 


RRIAAALNAS 


541 




KVYIiASADHA 


IPVDEIABCA 


601 




KPDD1PE3GK 


^?rsRSRLE^^^ 


661 




LMKPMTSTAT 


GREAAHLRAF 


721 




LDRALAAAC 





i "r=i iss m si 

wmmmmmm 



>Rvl769: 414 aa - M- tuberculosis - 



^BTrMivPirnir AnvDAPFAFV DLDAMWGMAD QLLARAGDKP 
1 - VHEVAAREQR SDGPMRLDAQ GRLQRYEEAF JD^JJ^J^ QGFSNLLIAY PPTDBAALRA 
61 - IRVASKSLRC RPl-OREILDA |^RFDGLLTF JJ^^^^^J^^ DAGYWRAGGR IKIGSKRSPL 
121 - LGELTAKD?D GAPI\'MVDSV f«^DLIERTT DJ^^^^^^ kRVHNAIIRR MQBMSFEELR 

"1 : =fvS =^ iJpS.^., «^2.vj^ -jiJSS 

- I^SJ iSfc^™ S£?K^ -v«,«=E. 



^=1 /is 



losis UNA sequence orRvl98i 

983\ 1674 bp - M. tuberJ 




ggtca 



Wjcgagttcggcggctagtcggtctacctcagggtctttg 
atattcagcgccacaggtagatggtaccagcaaatagcc 
actatctacctaacgcgtgctgtgccgtgcggtagctac 
tgaaaatccgagatgtcaaaggcagcgtctggatacgct 
gtatgcgcgcagggatggtgatcgaggcggaggggcggc 
i - gtg tea ttt ctg gtc gtg gtt ccc gag ttc 
\1 - ttg acg tec gcg gea gcg gat gtg gag aac 
SI - ata ggt tec aca ctg cgc gcg geg aat gee 
)1 - gcg get gee gcc teg acc ace gcg ctt gcg 
!1 - gcc get ggc get gat gag gta teg gcg gcg 
il - gtg gea gcg ctg ttt gcc agg ttc ggt cag 
\i - gaa tat caa gcg gtc age gcg eag geg age 
.1 - get ttc cat caa cag ttc gtg cag acg ctg 
11 ~ aac teg gcg tea gga teg tat gcg gcc gcg 
n - gag gcc acc ate geg tea cag ttg cag acc 
- gcg cag cac gat ctg ctg ggc gcg gtc aat 
il - gea eca acc gaa acg ttg ttg ggg cgt ccg 
SI ~ eta ate ggc gae gga gea ccc ggg acg gea 
n - acg agt ccg aat ggc ggg gcg ggt ggg ctg 
11 - ctg tac ggc aac ggc ggc aac ggt tat tec 
51 - geg acg geg teg ggg gtc ggc ggc ggg gcc 
3 1 - ggc ggt tec gcg ggg ttg ate ggc aat ggc 
LI - ggc gcc ggg gga gcc ggc gga ccc aac gcc 
11 - ccc ggg gga gcc ggc ggc aac ggt ggc tgg 
/I - ctg etc ggc aac ggc ggg ate ggc ggg ccc 
Jl - ggg ggc geg teg age ate ccc ggc atg agt 
31 - ggt gga gcc ggc gga acc ggc ggt gee gea 
61 - gga ctt ttg ggc tgg ^ga geg aac ggc gga 
91 - gcc ggc ggc etc ggt gat gga gtc ggt gtc 
21 - gat cgt ggc acg ggc ggc gcc gga ggc cgc 
51 - ggc ggc ctg ttg tat ggc gga tac ggc gtc 
Bl - agt ggg eca ggc ggc gae ggc aga acc gtc 
11 - ccg ctg gag ata att cat gtc aca gag ccg 
41 - acg gta eat gee aac gtc aac ggc gga ccg 
71 - acg tea acc att ctg gtc gae acc gga tec 
01 - get ggt ctt gtt gtc teg ect gag gat gtc 
33 - ggg gga ate ctg gga gtg ctt cac atg ggc 
61 - etc eca acc gga ttg age ate age ggt tac 
91 - age ggg ggg etg tac tac ate ttc gee acg 
21 - tat ace acg acg gtg gae ttc ggg aat ggc 
51 - ate gtc acc gcg ccg acc gcc gtt aat gtc 
81 - gtc etc ttg tec ate eca acg tec ccc ttc 
11 - gcc att teg acc tac ttc age gee ttg ctg 
41 - gee gat ccg aca aca act ccg ttc gaa gcc 
71 - tat ttc ggt gcc gtc ggc gtg gae ggc gtt 
01 - ctg gga gtt ggg ccc aat gcg gtg gga eca 
31 - ggc ccc age att ccg acg atg gcg tta ccg 
61 - gyt gae etc aac cag gga gtg etc ate gae 
91 - gea ccc gea ggt gag etc gtg ttc ggt ccc 
21 - aac ccg eta ect gcg ccc aac gtc gag gtc 
51 - gtc gga teg ccg ate acc acc ctg tac gta 
81 - aag ate gat ggt ggg act ccc ata ccc gtc 
11 - ccc teg ate ate gat tec ggt ggg gta acg 
41 - gga acc ate ccg tea tat gtc ate gga tec 
71 - gga acc etg ccg geg aac aca aac att gag 
01 - gtc tac ace age ccc ggc ggt gat egg etc 
31 - tac geg ttc aac aca aac gat tac cgc ccg 
61 - acc gtc att tea tec ggc ctg atg aat acc 
91 - ggg ttc ttg ccc ttc aga ttc cag ccg gtg 
21 - tac ate gae tac age ccc age ggt ata ggg 



noHsl pasicur rr/TubefculJst/genome.cgi 




rrtrulosisDNA sequence of Rv 1983 Fl^^Ul^f 5" (CChfTi^O^:^^ 

651 aca aca gtc ttt gatigjkt ccg gcg 

tgatcgagcctgttcgccijPraatgtcgccgcctggctt 

gtcatccccgactgaacatacgaaacatgcgccataata 
ttgccgcctccggtgcatattggatcgtcgggagcacac 
aagtttatggtcttagagctatacagcggaccgattgtc 
ggcaacgacccgccgccccacaacatgctggagaaacca 

ctgga 

vl983: 1674 bp - M. tuberculosis - 

gtcatttctggtcgtggttcccgagttcttgacgtccgcggcagcggatgtggagaac 
aggttccacactgcgcgcggcgaatgccgcggctgccgcctcgaccaccgcgcttgcg 
cgcUggcgctgatgaggtatcggcggcggtggcagcgctgtttgccaggttcggtcag 
atatcaagcggtcagcgcgcaggcgagcgctttccatcaacagttcgtgcagacgctg 
cUctjycgtcaggatcgtatgcggccgcggaggccaccatcgcgfccacagttgcagacc 
gcagcacgatctgctgggcgcggtcaatgcaccaaccgaaacgttgttggggcgtccg 
aatcggcgacggagcacccgggacggcaacgagtccgaatggcggggcgggtgggctg 
gtacggcaacggcggcaacggttattccgcgacggcgtcgggggtcggcggcggggcc 
cggttccgcggggttgatcggcaatggcggcgccgggggagccggcggacccaacgcc 
cyggggagccggcggcaacggtggctggctgctcggcaacggcgggatcggcgggccc 
gggcgcgtcgagcatccccggcatgagtggtggagccggcggaaccggcggtgccgca 
acttttgggctggggagcgaacggcggagccggcggcctcggtgatggagtcggtgtc 
Lcgtggcacgggcggcgccggaggccgcggcggcctgttgtatggcggatacggcgtc 
tyggccaggcggcgacggcagaaccgtcccgctggagataattcatgtcacagagccg 
rggtacatgccaacgtcaacggcggaccgacgtcaaccattctggtcgacaccggatcc 
rLggtcttgttgtctcgcctgaggatgtcgggggaatcctgggagtgcttcacatgggc 
cccaaccggattgagcatcagcggttacagcggggggctgtactacatcttcgccacg 
itaccacgacggtggacttcgggaatggcatcgtcaccgcgccgaccgccgttaatgtc 
.ccLcLtytccatcccaacgtcccccttcgccatttcgacctacttcagcgccttgctg 
rcgatccgacaacaactccgttcgaagcctatttcggtgccgtcggcgtggacggcgtt 
.gggagttgggcccaatgcggtgggaccaggccccagcattccgacgatggcgttaccg 
iLgacctcaaccagggagtgctcatcgacgcacccgcaggtgagctcgtgttcggtccc 
icccgctacctgcgcccaacgtcgaggtcgtcggatcgccgatcaccaccctgtacgta 
igatcgatggtgggactcccatacccgtcccctcgatcatcgattccggtggggtaacg 
laaccatcccgtcatatgtcatcggatccggaaccctgccggcgaacacaaacattga^ 
ictacaccagccccggcggtgatcggctctacgcgttcaacacaaacgattaccgcccg 
:cgLcatl:tcatccggcctgatgaataccgggttcttgcccttcagattccagccggtg 
icatcgactacagccccagcggtatagggacaacagtctttgatcatccggcg 



II /ig 

Vgrnnlisi pastcut IVn'utiercul.ist/gcnumc.cgi 




• 



2M/02 2:26 l•^ 



ggcagccaatgcggccagctgtggaccgtcaagctgcgg 
atccaccatctcaggtgtagaccatctgcggagcgtcgc 
actgcacattaataatgctaatgtaaatgaagaattatt 
agctatactgacccatacaaactgcctagtgtcgattgc 



i 


- 


gtg 


aac 


tea 


cca 


ctg 


gtc 


gtc 


ggc 


ttc 


ctg 


1 


- 


gcc 


tgc 


ttc 


aeg 


ctg 


ate 


gcc 


gcg 


att 


ggc 


1 


- 


gcg 


cag 


aac 


gca 


ttc 


gtg 


ctg 


egg 


cag 


gga 


1 


- 


ate 


cag 


cgt 


gag 


cac 


gtg 


ctg 


ccg 


gtg 


gtg 


1 


— 


gcg 


ctg 


tgc 


aeg 


gtg 


tec 


gac 


ate 


gtg 


ctg 


1 


_ 


ate 


gcc 


gcc 


ggt 


ate 


gcg 


ggg 


ttc 


ggc 


gca 


I 


_ 


ttg 


ate 


ggc 


gca 


cat 


ccg 


cgt 


gcg 


etc 


aat 


3 


— 


gtc 


gtc 


aag 


ttt 


ggc 


ggc 


gee 


gcc 


ttc 


eta 


1 




ate 


ggc 


tac 


ggg 


eta 


ett 


gcg 


gee 


egg 


egg 


i 




geg 


tgg 


ega 


cet 


gtt 


gcg 


ctg 


ate 


cca 


tct 


I 




ggc 


gcc 


aeg 


ccg 


gtt 


cgc 


tta 


gee 


gag 


gtc 


1 




ctg 


gtg 


aec 


tgt 


gcg 


gca 


ttc 


aeg 


ttc 


etc 


1 




aac 


cca 


cae 


gtc 


tac 


etc 


gac 


ace 


gtc 


gtg 


•1 




ttg 


eta 


ggc 


gcg 


ctg 


gee 


aac 


gag 


cae 


age 


1 




gac 


cag 


cgc 


tgg 


ctg 


ttc 


ggc 


etc 


ggc 


geg 


1 




gtc 


aca 


gee 


agt 


gcg 


gta 


tgg 


ttc 


gcc 


ace 


1 




etc 


ggg 


ttc 


gga 


gee 


ggc 


egg 


ttg 


cgc 


ggg 


1 




ctg 


ttc 


ace 


aac 


ccc 


ggc 


teg 


tgg 


aga 


ate 


1 




cLc 


gac 


ggc 


ctg 


ate 


gcg 


gtc 


atg 


atg 


gtt 


1 




gcg 


ctg 


gga 


ate 


teg 


ctg 


acc 


gtg 


aec 





tagtacagcacgtgtgcacacgcgggttggaceacgtga 
tcgtcgatgggcaeataccgttcggcaggagggegcgeg 
gtcagtctgeaeaacteag tcaccagctgacacgecgae 
ggeggectcgecegggcgtgtcggcgccaceagtgcaca 
ttcggcgtgacgcggccctacggatcgtgttggagctgt 
agecc 

1986; 597 bp - M. tuberculosis - 

:aactcaccactggtcgtcggcttcctggcctgcttcacgctgatcgcegegattgge 
cagaaegeattcgtgctgeggeagggaatccagcgtgagcacgtgctgecggtggtg 
ictgtgcacggtgtccgaeategtgctgategccgccggtatcgcggggttcgd|cgca 
atcggcgeacatecgcgtgcgctcaatgtcgtcaagtttggcggegccgecttceta 
:ggetacgggctaettgcggcccggcgggcgtggcgaectgttgcgctgatcccatct 
rgceacgceggttcgcttagccgaggtcctggtgacctgtgcggcattcacgttcctc 
:ccacaegtctacctcgaeaccgtegtgttgctaggcgcgctggeeaacgageacagc 
:cagcgctggctgtteggectcggcgcggteacagecagtgeggtatggttcgecacc 
igggttcggagccggccggttgcgegggctgttcaccaaceceggctegtggagaatc 
:gacggcctgatcgcggtcatgatggttgcgctgggaatctcgctgaccgtgacc 



nulisi pasicur.rrrrulHrrciilJsl/genonic.CBi 



IVigc I of 



cuIo.sl)NA .oiucnceo, HV3872 f I^Ul^^ ^ ^ CQtstlH^U^ ) 

3U7j^ 297 bp - M. tuberc^Ris - 5€Q.LD*n/o*^ 
j^B ggccc 
^^ccliacatcgagcctccagaayaagtgttcgcagcacccc 

caagcgccggttaagattatttcattgccggtgLagcag 

gacccgagctcagcccggtaatcgagttcgggcaatgct 

yaccatcgggtttgtttccggctataaccgaacggtttg 

tgtacgggatacaaatacagggagggaagaagtaggcaa 

I - atg gaa aaa atg tea cat gat ccg ate get 
M - gcc gac att ggc acg caa gtg age gac aac 
SI - yet ctg eae ggc gtg acg gee ggc teg acg 
n. ~ ycg ctg acg teg gtg ace ggg ctg gtt cce 
!1 - geg ggg gee gat gag gtc tee gee caa gcg 
>1 - geg acg gcg ttc aca teg gag ggc ate caa 
11 - ttg ctg get tec aat gca teg gcc caa gac 

1 - cag etc eae egt gcg ggc gaa geg gtc cag 

II - gac gtc gcc cgc ace tat teg caa ate gac 
'i - gac ggc gcc gcc ggc gtc ttc gcc gaa 

taggcecccaacacatcggagggagtgat caeca tgctg 
tggeaegeaatgccaccggagetaaataccgcacggctg 
atggccggcgegggteeggeteeaatgettgcggeggce 
gcggga tggeagacgctttcggeggctetggacgctcag 
gcegtcgagttgaccgcgcgcctgaactctctgggagaa 
gcctg 

^3072: 297 bp - M. tuberculosis - 

jgaaaaaatgtcacatgatccgatcgctgccgaeattggcacgcaagtgagcgacaac 
:etgcaeggcgtgacggeeggctegaeggcgetgacgtcggtgaecgggctggttccc 
jgQggccgatgaggtctccgcceaagcggcgaeggegtteacatcggagggeatccaa 
jctggcttccaatgeateggcceaagaceagcteeaecgtgcgggegaageggtecag 
rgtcgcccgcacctattcgcaaatcgaegacggcgccgccggcgtcttcgcegaa 



2/4/02 2.37 Vt 



vnvUs\ |uslcui.fin ulicrctil.lsl/ucnoriH: cgl 



Page I of 



1104 bp - M. tuber'lj^sis - 5€0. ll^./vlo • H |^ 

atgag 




gtctccgcccaagcggcgacggcgttcacatcggagggc 
aLccaattgctggcttccaaUgcatcggcccaagaccag 
ctccaccgtgcgggcgaagcggtccaggacgtcgcccgc 
acctattcgcaaal:cgacgacggcgccgccggcgtcttc 
gccgaataggcccccaacacatcggagggagtgatcacc 
1 - atg ctg tgg cac gca atg cca ccg gag eta 
31 - aat acc gca egg ctg atg gcc ggc gcg ggt 
61 - ccg get cca atg ctt gcg gcg gcc gcg gga 
91 - tgg cag acg ctt teg gcg get ctg gae get 
21 - cag gcc gtc gag ttg acc gcg cgc ctg aac 
51 - tct ctg gga gaa gcc tgg act gga ggt ggc 
81 - age gac aag gcg ctt gcg get gca acg ccg 
>11 - atg gtg gtc tgg eta caa acc gcg tea aca 
'41 - cag gcc aag acc egt gcg atg cag gcg acg 
>n - ycy caa gcc gey gca tac acc cag gcc atg 
iOl - gcc acg acg ccg teg ctg ccg gag ate gcc 
331 - gee aac cac ate acc cag gcc gtc ctt acg 
361 - gcc acc aac ttc ttc ggt ate aac acg ate 
391 - ccg ate gcg ttg acc gag atg gat tat ttc 
421 - ate cgt atg tgg aac cag gca gcc ctg gca 
451 - atg gag gtc tac cag gee gag ace gcg gtt 
481 - aac acg ctt ttc gag aag etc gag ceg atg 
511 - gcg teg ate ctt gat ccc ggc gcg age cag 
541 - age acg acg aac ccg ate ttc gga atg ccc 
571 - tec cct ggc age tea aca ceg gtt ggc cag 
601 - ttg ccg ceg gcg get acc cag acc etc ggc 
631 - caa ctg ggt gag atg age ggc ccg atg cag 
661 - cag ctg acc cag ccg" ctg cag cag gtg acg 
691 - teg ttg ttc age cag gtg ggc ggc acc ggc 
721 - ggc ggc aac cca gcc gac gag gaa gee gcg 
751 - cag atg ggc ctg etc ggc ace agt ccg ctg 
701 - teg aac cat ceg ctg get ggt gga tea ggc 
ail - ccc age gcg ggc gcg ggc ctg ctg cgc gcg 
H4 1 - gag teg eta cct ggc gca ggt ggg teg ttg 
871 - ace cgc acg ccg ctg atg tct cag ctg ate 
qoi - gaa aag ccg gtt gcc ccc teg gtg atg ccg 
931 - gcg get get gee gga teg teg gcg acg ggt 
961 - ggc gcc get ccg gtg ggt gcg gga gcg atg 
991 - ggc cag ggt gcg caa tec ggc ggc tec acc 
.021 - agg ccg ggt ctg gtc gcg ccg gca ccg etc 
051 - gcg cag gag cgt gaa gaa gac gac gag gac 
081 - gac tgg gae gaa gag gae gac tgg 

tgagctcccgtaatgacaacagacttcccggccacccgg 

gccggaagacttgceaacattttggcgaggaaggtaaag 
agagaaagtagtceagcatggeagagatgaagaeegatg 
ccgctaccctcgcgcaggaggcaggtaatttcgagegga 
tctccggcgacctgaaaacccagatcgaccaggtggagt 

cgacg 



XV3873: 1104 bp - M. tuberculosis - 

•gctgtggcacgcaatgeeaccggagctaaataeegcacggctgatggccggcgegggt 
::ggetecaatgcttgeggcggecgcgggatggcagacgctttcggcggctctggacget 
jggccgtcgagttgaccgcgcgectgaactctctgggagaagcctggactggaggtggc 
gcgacaaggcgcttgcggctgcaaegcegatggtggtetggctaeaaaecgcgtcaaca 
iggceaagaeccgtgcgatgeaggcgacggcgcaagccgcggeataeacccaggccatg 
^cacgacgcegtcgetgecggagatcgeegceaaeeacateacccaggecgtccttacg 
r-caecaaettctteggtateaaeaegatcccgatcgcgttgaccgagatggattatttc 
Jccgtatgtggaaecaggcagccctggcaatggaggtctaeeaggeegagaccgcggtt 
:,r.acgcttLtcgagaayetegagcegatggegtcgatccttgatcccggegcgageeag 
:jc-ac:y.u:yaf,cccyatcLl.cggaatgecctcecctygcayetcaacaccygttggceag 



'/ucinilisi paslciif Ti/ 1 iilicrcul.isl/gononic cy* 



/ t O 



ijsis DMA sequence of Kv3873 

ugccggcggctacccagaccctcgl 




2/4/U2 2*28 TM 



actgggtgagatgagcggcccgatgcag m 



tga^cagccgctgcagcaggtgacgTcgttgttcagccaggtgggcggcaccggc 
gc^Rcagccgacgaggaagccgcgcagatgggcctgctcggcaccagtccgctg 
acflPrccgctggctggtggatcaggccccagcgcgggcgcgggcctgctgcgcgcg 
cgctacctggcgcaggtgggtcgttgacccgcacgccgctgatgtctcagctgatc 
agccggttgccccctcggtgatgccggcggctgctgccggatcgtcggcgacgggt 
ccgctccggtgggtgcgggagcgatgggccagggtgcgcaatccggcggctccacc 
cgggtctygtcgcgccggcaccgctcgcgcaggagcgtgaagaagacgacgaggac 

gggacgaagaggacgactgg 



IS' /is 



race 2 ol 2 



fal>NAscqucnce«fRv3878 2^ CCONTlMOQi) 

i37oi 840 bp - M. tubercJB^is - .S€Q.lb-NlO- )D jfk 

tgctg 



2/4AJ2 2:2V l»M 



tggatcaccggggtgtacgacacggtccgcaatatccgg 
ttctgagccggatcggctgattggcggttcctgacagaa 
catcgaggacacggcgcaggtttgcataccttcggcgcc 
cgacaaattgctgcgattgagcgtgtggcgcgtccggta 
aaatttgctcgatggggaacacgtataggagatccggca 
1 - atg get gaa ccg ttg gcc gtc gat ccc acc 
31 - ggc tLg age gca gcg gcc gcg aaa ttg gcc 
61 - ggc etc gtt ttt ccg cag cct ccg gcg ccg 
91 - ate gcg gtc age gga acg gat teg gtg gta 
21 ~ gca gca ate aac gag acc atg cea age ate 
51 - gaa teg ctg gtc agt gae ggg ctg ccc ggc 
81 - gtg aaa gcc gcc ctg act cga aca gca tec 
Jl - aac atg aac gcg gcg gcg gae gtc tat gcg 
41 - aag ace gat cag tea ctg gga acc agt ttg 
71 - age cag tat gca tte ggc teg teg ggc gaa 
01 - ggc ctg get ggc gtc gcc teg gtc ggt ggt 
11 - cag cca agt cag get acc cag ctg ctg age 
61 - aca ccc gtg tea cag gtc acg acc cag etc 
91 - ggc gag acg gee get gag ctg gca ccc cgt 
21 - gtt gtt gcg acg gtg ccg caa etc gtt cag 
51 - ctg get ccg eac gcc gtt cag* atg teg caa 
81 - aac gca tec ccc ate get cag acg ate agt 
ill - caa acc gcc caa cag gcc gee cag age gcg 
»41 - cag ggc ggc age ggc cca atg ccc gca cag 
i71 - ett gee age get gaa aaa ccg gcc acc gag 
iOl - caa gcg gag ccg gtc eac gaa gtg aca aac 
•)31 - gae gat cag ggc gae cag ggc gae gtg cag 
i61 - ccg gcc gag gtc gtt 'gee gcg gca cgt gae 
i91 - gaa ggc gee ggc gca tea ccg ggc cag cag 
/21 - ccc ggc ggg ggc gtt ccc gcg caa gcc atg 
751 - gat ace gga gcc ggt gcc cgc cca gcg gcg 
701 - agt ccg ctg gcg gee ccc gtc gat ccg teg 
HI - act ccg gca ccc tea aca acc aca acg ttg 

tagacegggcctgccagcggctccgtctcgcacgcagcg 
cctgttgetgtcctggcetcgteageatgcggcggccag 
ggcecggtcgagcaacccggtgaegtattgceagtaeag 
ccagtccgcgacggccacacgctggacggeegcgtcagt 
cgcagtgtgcgcttggtgcagggcaatctcctgtgagtg 

ggeag 

/3878: 840 bp - M, tuberculosis - 

jgctgaaccgttggcegtcgateccaccggcttgagcgcagcggccgcgaaattggcc 
-ctegtttttecgcagectecggegccgatcgcggtcagcggaacggattcggtggta 
agcaatcaaegagaceatgecaagcatcgaategctggtcagtgacgggctgcccggc 
jaaagccgccctgactegaacageatccaacatgaacgeggcggcggacgtetatgeg 
jaccgatcagtcactgggaaccagtttgagccagtatgcattcggctcgtegggegaa 
•jctggetggegtegcetcggtcggtggtcagccaagteaggctacccagctgctgagc 
acccgtgtcaeaggteacgaeccagctcggegagaeggccgctgagctggcaccccgt 
Lgttgcgacggtgccgcaactegtteagetggetcegcacgccgtteagatgtcgcaa 
'jgeateeceeategcteagacgatcagtcaaacegcccaacaggccgcccagagcgcg 
;jggcggcageggeecaatgcccgcacagcttgccagcgctgaaaaaccggccaccgag 
agcggagecggteeaegaagtgaeaaacgacgatcagggegaccagggcgaegtgcag 
ggccgaggtcgttgccgcggcacgtgacgaaggegccggcgcatcaccgggecagcag 
cggcggyggcgttcccgcgcaagccatggataccggagccggtgcccgcccagcggeg 
tccgctggcggcccccgtcgatccgtcgactccggcaccctcaacaaccacaacgttg 
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^nnd: 2107 bp - M. Uuberdtfffcsis " StQ.Lb . 

_J cccgt 

J^qcqacaqcqcqqccaqcqcaaqcqagqtgaccacccqgc 
gBrt-.uatcqcccaagcqglzqcatcabgcqcgcggabtcaacg 
gqttactgcgaataccggcgcggggtggatccagcggcc 
qaqccqqcqtgaaatqccggaqqccaaccggacggligat 
ccgcgaggcgatctggcggtttggggagggcagtagggg 
1 - aUg agt aUt acc agg ccg acg ggc age tat 
■^1 - gcc aga cag atg ctg gat ccg ggc ggc tgg 
r>l - gtg gaa gcc gat gaa gac act ttc tat gac 
91 - egg gcc cag gaa tat age cag gtt ttg caa 
\.2l - agg gtc acc gat gta ttg gac acc tgc cgc 
ITjI - cag cag aaa ggc cac gtc ttc gaa ggc ggc 
IRl - eta tgg tec ggc ggc gee gee aat get gcc 
?1] - aac ggc gcc ctg ggt gea aac ate aat caa 

- ttg atg acg ctg cag gat tat etc gee acg 

- gtg att acc tgg cac agg cat att gcc ggg 
•^01. - tLq atn gaq caa get aaa tec qat ate qqc 
331 - aat aat gtg gat ggc get caa egg gag ate 
3r, I. - gat ate ctg gag aat gac cct age ctg gat 

_ q^t qat gag cgc cat ace gee ate aat tea 
A21 - tUg gtc acg gcg acg eat ggg gcc aat gtc 
4 51 - agt ctg gtc gcc gag acc get gag egg gtg 
^ni - ctg gaa tec aag aat tgg aaa cct ccg aag 
513 - aac gea etc gag gat ttg ett cag cag aag 
S'll - teg ccg cea eee cea gac gtg cct acc ctg 
'Ml - gtc gtg cea tec ccg ggc aea ccg ggc aca 
601 - ccg gga acc ccg ate ace ccg qga ace ccg 
631 - ate acc ccg gga acc cea ate aca ecc ate 
fJ^l - ccg qga gcq ccq gta act ccg ate aea cea 

- aeg eee ggc act eee gtc acg ccq gtg acc 
121 - ccg ggc aag ccg gtc ace ccg gtg acc ccg 
751 - gtc aaa ccg ggc aca cea gqe qag cea ace 
7m - ccg ate acg ccg gtc ace eee ccg gtc gcc 
n n - ccg gcc aca ccg gea acc ccg gcc acg ccc 
fMI - qtt acc cea get eee get cea cac ccg cag 
n71 - ccg get ccg gea ccg gcg cea teg cct ggg 
^ni - ccc cag ccg gtt aea ccg gcc act eee ggt 
'Ml ~ ccg tet ggt cea gea aca ccg ggc acc cea 

- ggg ggc gag ccg gcg ccg cac gtc aaa ccc 
'M)J - gcg gcg ttg gcg gag caa cct ggt gtg ccg 
i)2] - qqc cag eat gcg ggc ggg gqq acq cag teg 
om - ggq cct gcc cat gcg gac qaa tec gcc gcg 
on] - teg gtg... acg ccg get gcq qcq tee ggt gtc 
Ml - eeq gqe gea egg gcq qeq qee qce qcq ccq 
Ml - age ggt acc gee gtg gga gcq gge grq egt 
17 1 ~ teg age gtg ggt acg gee qcq qec! tc-g gqe 
20\ - qeq ggg teg eat get qce nc^ qqq rqg gcg 
?31 - ccg gtg get acc teg qae aaq qeq gcg gea 
2r>\ - eeg age aeg egg gcg gee teg qeq egg aeg 
;'«il - gea cct cct gee cqe eeg ecq teq aee gat 
3?1 - cac ate gae aaa eee gat eqe age qag tet 
^51 - gea gat gac ggt aeg ccg gtg leg atg ate 
3HI - ccg gtg teg gcg get eqg qeq qea eqe gac 
4M. - gee gcc act gea get qec aqc gee cgc cag 
14 1 - egt ggc cgc ggt gat gcg ctg egg ttg gcg 
471 - eqa cgc ate gcg gcg gcg etc aac gcq tec 
•lOl - gac aac aac gcg ggc qae tae ggq ttc ttc 
fill - i.yq ate aee gcg gtg aee aee qae qqt tee 
Sni - ate qtc qtq qce one age tat gqq el q qec 
5^1 - tae ata eee qae ggq atq gaa t l:g eeg aat 

- nag gig tae ttg gee age qeq qat eac gen 
fiM - ate eeq gtt qae qna a! t qcn f:qe tqt qec 
fiHl - ai:e tae eeg gtt ttq qc:e qtq f.aa qee tqg 
l\\ - gcg get ttc cac gae atg acq etq egg gcg 
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is UNA M:(incitcc of RvJ^^ 

<jLq al-<: ggt acc i^c.q gajBg gcc aqt 

qciL ccc ggl gl.g gcc^Sg att gLg ctg 
UB^g cn:a gat goi: ii\A. <H:g gag age ggc ana 

^^Li] n<:g ggc ogg I c:g ciig cLg gag gLc gL(- 

- gru: ccc teg gcg gcg gel: caq ctg gcc gac 

- act acc gat cag cgt ttg etc gac ttg ttg 

- ccg cr.g gc^-g ccg qtg gat gtc aat cca ccg 

- ggc gat gag egg cac atg ctg tgg ttc gag 

- ctg atg aag ecc atg acc age acc get acc 

- ggn egc gag gcc get cat ctg egg gcg ttc 

- egg gcc tac get gcc cac tea cag gag att 

- gcc ctg cac caa gcg cac act gcg act gac 

- gcg gee gtc cag cgt gtg gee gtc gcg gac 

- tgg ctg tac tgg caa tac gtc acc ggg ttg 
. - etc gac egg gcc ctg gcc gcc gca tgc 

tgacgaggccaggacagcaacaggcgctgcgtgcgagac 
ggaqccgctggcaggcccggtctacaacgttgtggttgt 
tgagggLgeeggagtcgacggatcgacgggggccgccag 
eggactcgccgctgggcgqqcaccggctccgqtatccat 
qgcttgcgegggaacgcccccgccgggctgctggcccgg 

tgalg 

I79c: 2187 bp - M. tuberculosis - 

jtatlaccaggccgaegggcagctatgecagacagatgctggatccgggcggctgg 

ajuiccqatqaagacactttctatgaccgqgcccagqaatatagccaggttttgcaa 

t caccgatgtaLtggacacctgccgccagcagaaaggccacgtcttcgaaggcgge 

ijgtccggcggcgccgccaatgctgceaacggcgccctgggtgcaaacatcaatcaa 

I qacqctqcaqgattatctcqccacggtgattacctqgcacaggcatattgccggg 

litgageaagctaaatccgatatcggcaataatgtggatggcgctcaacgggagatc 

I cctggagaatgaccctagcctggatgctgatgagcgccataccgceatcaattca 

tcacggegacgcatggggccaatgtqagtctggtcgccgagaccgctgagcgggtg 

aatccaagaattggaaacctccgaagaacgcactcgaggatttgcttcagcagaag 

cgccacccccagacgtgcetaccctggtcgtgccatccccgggcacaccgggcaca 

gaaccccgateaeccegggaaccccgatcaccccgggaaecccaatcacacccatc 

gagcgccggtaactccgatcacaccaacgcccggcactcccgteaegecggtgacc 

gc;aagccggtcaccccggtgaceccggtcaaaccgggcacaccaggcgagccaacc 

tcacgccggtcacccccccggtcgccccggccacaccggcaaccccggccacgccc 

ccccagetcccgctceacacccgcagccggctccggcaccggcgccatcgcctggg 

agccggttacaccggccactcccggtccgtctggtccagcaacaccgggcacccca 

qcgaqccqqcgccgcacgtcaaacecgcggcgttgqcggagcaacctggtgtgccg 

agcatgcgggcggggggacgcagtcggggcctgcccatgcggacgaatccgccgcg 

tqacgceggctgcggcgtccggtgtcccgggcgeacgggcggcggecgccgcgccg 

gL«-iccgccgtgggagcgggcgcgcgttcgagcgtgggtacggccgcggcctcggge 

ggtcgcatgctgccactgggcgggcgccggtggctacctcggacaaggcggcggca 

geacgcgggGggcctcggegeggacggcacctcctgcccgccegccgtcgaccgat 

tcgacaaacccgatcgeagcgagtctgcagatgacqgtacgccggtgtcgatgatc 

tglcggcqgctcgggcggeacgcgacgccgccactgcagctgccagcgcccgceag 

gccgcgglgatgcgctgcggttggcgcgacgcatcgcggcggcgctcaacgcgtcc 

acaaegcgqqcgactacqqgttcttctggatcaccgcggtgaccaccgacgqttcc 

t<:gtgqr:caacagctatgggctggcctacatacccgacgggatggaattgccgant 

I cjLatittggccagcgcggatcacgcaatcccggttgacgaaattqcacgctgtgcc 

acccggttttqgccqtgcaagcctgqgcqgetttccacgacatgacgctgcqggcg 

.tnggtaecgeggagcagttggccagttcggatcecggtgtggccaagattgtgctg 

:cagatgacattccggagagcggcaaaatgacgggccggtcgcggctggaggtcgtc 

rcctcggcggcgqct cage tggccgacactaccgatcagcgtttgctcgacttg ttg 

:cggcgccggtggaLgteaatceaccgggcgatgagcggcacatgctgtggttcgag 

itgaagcccatgaccagcacegctaccggccgcgaggccgctcatctgegggcgttc 

ici:ta<:gctgcccactcacaggagattgccctgcaccaagcgcacactgcgactgac 

iccgtccagcgtgtggcc:gtcgcggactggctgtactggcaatacgtcaccgggttg 

lacegggccctggccgcogcatgc 
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